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' 5 — BsM-<>JLihc. . Invention : 

This invention relates to a new composition of mailer comprisin- n 
hydr.de ton having , bin(Jin „ encrgy ?rca|Cf (han ^ Q ^ y 

(herc.naf.e, "hydrino hydride ion"). The new hydride ion may also be 
^ combmed with a canon, such as a proton. , 0 yield novel compounds. 

'L — Back ground . »Lih"._ln^lion 
Id — HxrfOQQS 

A hydrogen aiuin having a binding energy g,ven by 
Binding Entrgy = Ht^L 

7S h - ^ 

/3 wnerc p , s an .niegcr greater than I, preferably from 2 to 200 is 
closed in Mj|l$ . r DhUkliiUJni^^ 

Mechanjcs. September 1996 Edition (" 96 Mills GUT"), provided by 
BlackLtgh, Power, Inc.. Grca, Valley Corporate Center. 41 Great Valley 
Parkway, Malvern. PA .9355; and in prior applications 
30 PCT7US96/07949, PCT/US94/022I9. PCT/US9I/8496 and 

PCT/US90/J998. the entire disclosures of which are all incorporated 
herem by reference (hereinafter "Mills Prior Publications"). The bindin* 
energy. „f 3n aIom> jon Q[ , no , ccu , c a)so known ^ ^ .^.^ * 

>s the energy required to remove one electron from the atom ion or 
.5 5 molecule. 



(I) 



WO W0S735 



l , CT/US98/14029 



A hydrogen ,,„„ having , hc bj e 



atom 



5 bc,c,„.,r, c , „r.,, t „ ,„ as ••„,*„„, .„„,„. w 

° " ct cnuiaipy or reaction of aboui 
,n " 27.21 *V 
where ;n is an inicger. 

(2) 

™™lZ2Z/t7Y-y 7" ' c " e,,s "" ,c *»«■» 

lo Hl„- i,« , " '"""*■ "* cu,al > !is of "<»»') 

°" 5UC " »'•»'*•»»«". i...».v„ „o„ ss ,„„, . , 

- M » - — • * »•»". — » 

* + -**•+*• * 27.28 ,V 
J "c oveiall reaction is ( ' 

i^hii^l^+v-''')*"*" ( 5) 

convcnuonaJ chemical reactions Fn, . compared to 

reactions. I-or example, when hydrogen -»n,i 
. oxygen gases undergo combustion to f 0rm water 

>/,(*) + //,(?(/) 

<. ,„.„„„„ „r ,„„,„,„„ ot >vn , er ., „.. 286(J/W , „ J8 »> 

JO per ,. y *„ 8c „ Mom . By eac) , 
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transitions may occur; » = 1 1 1 > f ' * » 

2 3' 3 4*4 5' U S ° ° n - ° nce caialysiss 
begins, hydrinos autocaialyzc further in a process called 
^mnmm^ This mechanism is similar to that of on inoraanrc ion 
catalysts. But. hydrino cassis should have a higher reaction n,e than 
hat of -he .norgank ion catalyst due to the better match of the enthalpy 



2-2 — L!.yiki<Je_Jons 

A hydride ion comprises two indi s ,i„o uisnahlc cleclrons ^ 
pro on. Alkali and alkalinc „„„ „ y(Jlh(cs ^ » ■ 

release hydrogen gas which „ urns in air , gnilcd ,, y , })c ^ Qf 

reacnon with wa, c , Typically metal hydndes decompose upon heat,n<. 

a- a .cmpcratu.e well below ,he melting poin, of ,he pnrcn, metal. " 

Novel compounds arc provided comprising 
M a, lens, one neuual. posnive, or negative hydrogen species 
here.nafter n.creased bindmg energy hydrogen species") h.vi„- a 
binding energy " 

0) greater than ,| w binding energy 0 f the corresponding 
ordinary hydrogen species, or 

(ii) greater shs:: !he bir-din; : <• .... » 

for ii ♦""••6/ UI '»My iiydrogcn species 

o winch the co.tesponding otdinary hydrogen species is uns.ab.e or is 
o observed because the ordma.y hydrogen species" binding energy is 
less than thermal energies or is negative; and 

(b) a. leas, one other element The compounds of the invention are 
heremafe. referred ,o as "increased binding energy hvdrooen 
compounds". ° 

By ■othe, Cement- j„ , his context h mean( 
. ncreased b.nding energy hydrogen species. Thus, the other elemem 
can be an ord.nary hydrogen species, or any element other than 
hydrogen In one group of compounds, the other element and the 
■ nccased binding energy hydrogen species are neutral. ,„ another 
group of compounds, the other e.emen, and increased bind.ng energy 
hydrogen spec.es are charged. The other element provides the having 
*-« - form a neutral compound. The former group of compounds ' 
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characterized by molecular and coordinate bonding the latter group is 
characterized by ionic bonding. 

The increased binding energy hydrogen species are formed by 
rcact.ng one or more hydrino atoms with one or more of an electron 
5 hydrino atom, a compound containing at least one of said increased 

binding energy hydrogen species, and at least one other atom molecule 
or ,on other than an increased binding energy hydrogen spec.es. 

In one embodiment of the invention, a compound contains one or 
more tncrcased binding energy hydrogen species selected from the group 
1 0 cons.st.ng of ,r. and //; where n is an integer from one to three. 

According to a pteferred embodiment of the invention, a compound 
.s prov.ded. composing at least one increased binding energy hyd.ogcn 
spcc.es selected from .he g.oup consisting of (a) hy.lr.de ion havi„« a 
b.ndmg enetgy greater than about 0.8 cV Cmcicased bmdin- energy 

1 5 hydr.de ion" or "hydr.no hydride ion"): (b) hydrogen atom iJvino a° 

b.ndmg energy greater than about 13 6 eV ("mcreascd binding cneroy 
hydrogen atom" or "hydtino"); (c) hydrogen molecule havino a" first " 
b.nding energy graIcr lhan , bom |5 5 eV rinfieasc<J f 

hydrogen molecule" or "dihydrino"); and (d) molecular hydrogen ,on 

2 0 hav.ng a binding energy gre««r , han abot „ , 6 „ cV ,.;„„„;,.,, bin(ljng 

energy molecular hydrogen ion" or "dihydrino molecular ion"). 

™ C COmponnds of the present invention have one or more unique 

properties which ihiiingulihci men fiom the same cumpotinti 
comprising ordinary hydrogen, if such ordinary hydrogen compound 
cx.sts. I he unique properties include, for example, (a) a unique 
sloichiomet.y; (b) unique chemical structure; (c) one or more 
extraordinary chemical properties such as conductivity, melting poin, 
bo.hng point, density, and refractive index; (d) unique reactivity ,o other 
elements and compounds: (c) stability at room temperature and above- 

3 0 and (f) stability in air and/or water. Methods for distinguish^ the 

increased binding energy hydrogen-contain.ng compounds from 
compounds of ordinary hyd.ogcn include: I.) elemental analysis 2) 
solubility. 3.) reactivity, 4.) moiling point. 5.) boiling p oim . 6 .) vapor 
pressure as a funct.on of icmperature. 7.) refractive index 8 ) X-ray 
3 5 photocleciron spectroscopy (XPS). 9.) gas chromatography. 10) X-ray 
d.ffraction (XRD). 11.) calorimetry. 12.) infrared spectroscopy (JR) l 3 ) 
Raman spectroscopy. 14.) Mossbaner spectroscopy, IS.) extreme 
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ultraviolet (EUV) emission and absorption spectroscopy. 16.) ultraviolet 
(UV) emission and absorption spectroscopy, 17.) visible emission and 
absorption spectroscopy, IS.) nuclear magnetic resonance spectroscopy, 
19.) gas phase mass spectroscopy of a heated sample (solid probe 
quadrapolc and magnetic sector mass spectroscopy), 20.) lime-of-flight- 
scco.idaiy-ion-mass-speeiroscopy (TOFS1MS). 21.) electrospray- 
ionization-time-of-flieht-mass-speciroscopy (KSITOFMS), 22.) 
ihermogravimelric analysis (TGA), 23.) differential thermal analysis 
(DTA). and 24.) differential scanning calorimciry (DSC). 

According to ihe present invention, a hydride ion (H ) is provided 
having a binding energy greater than 0.8 eV. Hydride ions havino a 
binding of about 3. 7, 11, 17. 23. 29, 36, 43. 49, 55, 61, 66, 69, 7 "and 72 
cV arc provided. Compositions composing the novel hydride ion are also 
provided. 

The binding energy of the novel hydride ion is given by the 
following formula; 



25 



3 0 



Minding Energy - 



I 4- 



2- 



p "J , 



(7) 



where p is an integer greater than one, 5=1/2. n is pi. 7, is Planck's 
constant bar. „. i s the permeability 0 r vacuum, m, h the mass of the 
eicciron, ;i the- .educed eietiron mass. «„ is .he Ltotu radios, and e is 
the elementary charge. 

The hydride ion of the present invention is formed by the reaction, 
of an electron with a hydr.no. that is, a hydrogen atom having a binding 
energy of about where „ = i and „ is an in.eger greater than 1. 

The resulting hydride ion is referred to as a hjydrino hydride ion 
hereinafter designated as //(,,= \i p ) 0c H (i/p): 

H 



^j +t ' -*//-(«= Up) 
" j\* ' ->H [i/ p ) 



(8)a 



(8)b 



The hydrino hydride ion is distinguished from an ordinary hydride 
.on comprising an ordinary hydrogen nucleus and two electrons having 3 
binding energy of 08 cV. The la.tc. is hereafter referred lo as 
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1 0 

'ordinary hydride ion" or no,™, Hydride ion" The hyd.ino hydride ion 
comprises a hydrogen nucleus and ,w 0 indistinguishable electrons at a 
binding energy according to Eq. (7). 

The binding energies of die hydrino hyd.ide ion. H(„=}f „) as , 
funcnon of p. where p is an integer, are shown ,n TABLE I. 

T/TiA The / C P fescnl ^ lve binding energy of ,he hydrino hydride ion 
N [n^l/p) as a function of p. Hq. {?). 



Hy dr ide Ion 



ff(n= 1/2) 
'//> -1/3) 

//"> = I/ 5) 
/■/"(«« I /6) 
= 1/7) 
= 1/8) 
// = i/9) 
1/10) 
//'(/! = I /II) 
//"{« - \ r \n\ 

= ] /J3) 

J / J5> 
//■(«»!/ 16) 
3 equation (21). / n / /€r 
b Equation (22), infra. 



0.9330 
0.6220 
0.4665 
0.3732 
0.31 10 
0.2666 
0.2333 
0.2073 
0. 1066 
0 1G96 

s\ t c c r 

0. 1435 
0. 1333 
0.1244 
0.1 166 



Binding 
fnergyb ( e V) 

3.047 
6.610 

1 1.23 

16.70 

22.0 I 

29.34 

36.00 

42.03 

49.37 

55. 49 

60.97 

65.62 

69.21 

71. S3 

72.30 



Wavelcngih 
(r>m) 

407 
186 
1 10 

74.2 
54.4 
42.3 
34.4 
20.9 
25.1 
22.3 
20.3 
18.9 
1 7.9 
17.3 
17.1 
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Novel compounds are provided comprising one or more hydrino 
hydride >ons and one or more other elements. Such a compound is 
referred to as a hyskitm. hvdride cnmp nun,t 

Ordinary hydrogen species are characterized by the following 
binding energies (a) hydride ion. 0.754 eV ( ordinary hydride ion") <b) 
hydrogen atom ('ordinary hydrogen atom"), 13.6 eV; (c) diatomic 
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hydrogen molecule, 15.46 cV {"ordinary hydrogen molecule*'); <<!) 
hydrogen molecular ion, 16.4 cV ("ordinary hydrogen molecular ion"); 
and (e) //,\ 22.6 cV ("ordinary trihydrogen molecular ion"). Herein, with 
reference to forms of hydrogen, "normal" and "ordinary" are 
synonymous. 

According io a further preferred embodiment of the invention, a 
compound is provided comprising at least one increased binding energy 
hydrogen species selected from the group consisting of (a) a hydrogen 
atom having a binding energy of about where p js an integer. 



(;)' 



preferably an integer from 2 to 200; (b) a hydride ion (// ) having a 
binding energy of about 



t + yfsCsTJ) 
P 



It 



2 2 



where p is an integer. 



; If^iUTl) 
P 

preferably an integer from 2 to 200, a— 1/2, ji is pi. h )s Planck's constant 
bar. is the permeability of vacuum, m is the mass of the electron, is 
the reduced electron mass, a, is the Bohr radius, and e is the elementary 
charge; (c) H*(l/ p)\ (d) a trihydrino molecular ion, //;(!/ p), having a 
binding energy of about ~t ,<V where p is an integer, preferably an 

integer from 2 to 200; (e) a dihydrino having a binding energy of about 
_ eV w hcrc p is an integer, preferably and integer from 2 to 200; (f) a 

20 dihydrino molecular ion with a binding energy of about -^4 eV where p 



(-;) 



is an integer, preferably an integer from 2 to 200. "About" in the context 
herein means ±10% of the calculated binding energy value. 

The compounds of the present invention are preferably greater 
than 50 atomic percent pure. More preferably, the compounds arc 
greater than 90 atomic percent pure. Most preferably, the compounds 
are greater than 98 atomic percent pure. 
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According to one embodiment of the invention wherein the 
compound comprises n negatively charged increased binding energy 
hydrogen species, the compound further comprise one or more cations, 
such as a proton, or Hj' . 
5 The compounds of the invention may further comprise one or more 

normal hydrogen atoms and/or normal hydrogen molecules, in addition 
to the increased binding energy hydrogen species. 

The compound may have the formula Mil, MH ? , or M 2 H 2i wherein M 
is an alkali cation and H is an increased binding energy hydride ion or an 
10 increased binding energy hydrogen atom. 

The compound may have the formula MH n wherein n is I or 2, M is 
an alkaline earth cation and M is an increased binding energy hydride ion 
or an increased binding energy hydrogen atom. 

The compound may have the formula MUX wherein M is an alkali 

1 5 cation, X is one of a neutral atom such as halogen mom, a molecule, or a 

singly negatively charged anion such as halogen anion, and H is an 
increased binding energy hydride ion or an increased binding energy 
hydrogen atom 

The compound may have the formula MUX wherein M is an 

2 0 alkaline eanh canon. X is a singly negatively charged anion, and H is an 

increased binding energy hydride ion or an increased binding energy 
hydrogen atom. 

She COiiiputmu m^y h;jve the forrnuia iViHX wherein ivi is an 
alkaline eanh cation. X is a double negatively charged anion, and H is an 

2 5 increased binding energy hydrogen atom. 

The compound ,nay have the formula M ? HX wherein M is an alkali 
cation. X is a singly negatively charged anion, and H is an increased 
binding energy hydride ion or an increased binding energy hydrogen 
atom. 

3 0 The compound may have the formula MH 0 wherein n is on integer 

from I to 5. M is an alkaline cation and the hydrogen content H n of the 
compound comprises at least one increased binding energy hydrogen 
Species. 

The compound may have the formula M ? H„ wherein n is an integer 
3 5 from I to 4. M is an alkaline earth cation and the hydrogen content H n of 
ihe compound comprises at least one increased binding energy hydrogen 

species. 
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The compound may have me formula M?XH fl therein n is an 
integer from \ to 3 k M is an alkaline earth cation. X is a singly negatively 
charged anion, and ihc hydrogen content H„ of the compound comprises 
at least one increased binding energy hydrogen species. 
5 The compound may have the foimula M 2 X 2 H n wherein n is I or 2, 

M is an alkaline earth cation, X is a singly negatively charged anion, and 
the hydiogen content H A of the compound comprises at least one 
increased binding energy hydrogen species. 

The compound may have the formula M ? Xjll wherein M is an 
I 0 alkaline earth cation. X is a singly negatively charged anion, and H is an 
increased binding energy hydride ion or an increased binding energy 
hydrogen atom. 

The compound may have the formula M>XH ft wherein n is I or 2, M 
is an alkaline earth cation. X is a double negatively charged anion, and 

1 5 the hydrogen com cut H n of the compound comprises at least one 

increased binding energy hydrogen species. 

The compound may have the formula M?XXTl wherein M is an 
alkaline earth cation, X is a singly negatively charged anion, X* is a double 
negatively charged anion, and H is an increased binding energy hydride 

2 0 ion or an increased binding energy hydrogen atom. 

The compound may have the formula MM*H B wherein n is an 
integer from I to 3. M is an alkaline eanh cation, M* is an alkali metal 

Ca'iO^ olid !mC ii/uK/gcn COrnCiii « n vi ihc COft'ipOuim comprise* ill icasi 

one increased binding energy hydrogen species. 

2 5 The compound may have the formula MM'XH, wherein n is 1 or 2. 

M is an alkaline earth cation, tVT is an alkali metal cation, X is a singly 
negatively charged anion and the hydrogen content H n of the compound 
comprises at least one increased binding energy hydrogen species. 
The compound may have the formula MM'XH wherein M is an 

3 0 alkaline eanh cation. M* is an alkali metal cation, X is a double negatively 

charged anion and H is an increased binding energy hydride ion or on 
increased binding energy hydrogen atom. 

The compound may have the formula MM'XX'H wherein M is an 
alkaline earth cation, M* is an alkali metal cation, X and X' are singly 
3 5 negatively charged anion and H is an increased binding energy hydride 
ion or an increased binding energy hydrogen atom. 

The compound may have the formula H n S wherein n is ! or 2 and 
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ihc hydrogen conleni H„ of the compound comprises at least one 
increased binding energy hydiogcn species 

The compound may have the formula MXX'H. wherein n is an 
integer from 1 to 5. M is an alkali or alkaline earth cation. X is a singly or 
5 double negatively charged anion. X" is Si. AI. Ni. a transition element, an 
inner tiansition element, or a rare earth clement, and !he hydrogen 
content H„ of the compound comprises a. least one increased binding 
energy hydrogen species. 

The compound may have the formula MA1H„ wherein n is an 
I 0 integer from ! to 6. M is an alkali or alkaline earth cation and the 

hydrogen content H. of the compound comprises a. least one increased 
binding energy hydrogen species. 

_ The compound may have ihe formula Mll n wherein n is an integer 
from I to 6. M is a transition clement, an inner transition element, a rare 

1 5 earth clement, or Ni. and the hydrogen content H„ of the compound 

comprises at least one increased binding energy hydrogen species. 

The compound may have the formula MNiH„ wherein n is an 
integer from 1 ,„ 6. M is an alkali cation, alkaline earth cation, silicon, or 
aluminum, and the hydrogen content H. of ihc compound comprises at 

2 0 least one increased binding energy hydrogen species. 

The compound may have the formula MXH. wherein n is an integer 
from I to 6 M is an alkali cation, alkaline earth cation, silicon, or 
sJyjr.i X is a transition eleir.cn;. i.-.r.c.- transition cie.uciii. v« a n.rc 
earth element cation, and the hydrogen content H„ of the compound 

2 5 comprises at least one increased binding energy hydrogen species. 

The compound may have the formula MXAIX'H. wherein n is 1 or 
2. M is an alkali or alkaline earth cation. X and X' are cither a sinaly 
negatively charged anion or a double negatively charged anion, and the 
hydrogen content H. of the compound comprises at least one increased 

3 0 binding energy hydrogen species. 

The compound may have the formula TiH„ wherein n is an -integer 
from I to 4, and the hydrogen content H n of the compound comprises at 
least one increased binding cneigy hydrogen species. 

The compound may have the formula A, 3 H B wherein n is an integer 
3 5 from I to 4. and the hydrogen content H. of the compound comprises at 
least one increased binding energy hydrogen species. 
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The compound may have ihc formula \KH m KCO : \ wherein m and n 
arc each an integer and the hydrogen content H m of the compound 
comprises at least one increased binding energy hydrogen species. 

The compound may have the formula [KH^KNO^ nX~ wherein m 
5 and n are each an integer, X is a singly negatively charged anion, and the 
hydrogen content H m of the compound comprises at least one increased 
binding energy hydrogen species. 

The compound may have the formula \K}iKNO i wherein n is an 
integer and the hydrogen content I! of the compound comprises at least 

1 0 one increased binding energy hydrogen species. 

The compound may have the formula \K11KOH) n wherein n is an 
integer and the hydrogen content H of the compound comprises at least 
one* increased binding energy hydrogen species. 

The compound including an anion 01 cation may have the formula - 
15 \MH m M' X\_ wherein m and n are each an integer.. M and M' are each an 
alkali or alkaline earth cation. X is a singly or double negatively charged 
anion, and ihe hydrogen content of ihc compound comprises at least 
one increased binding energy hydrogen species. 

The compound including an anion or cation may have the formula 

2 0 \MHJ4'X\^ nX wherein m and n are each an integer, M and M' arc each 

an alkali or alkaline earth cation, X and X* me a singly or double 
negatively charged anion, and the hydrogen content H m of the compound 
comprises at least one increased binding energy hydrogen species. 

The compound may have the formula MXSiX'H n wherein n is 1 or 2. 

2 5 M is an alkali or alkaline earth cation. X and X' are either a singly 

negatively charged anion or a double negatively charged anion, and the 
hydrogen content H„ of the compound comprises at least one increased 
binding energy hydrogen species. 

The compound may have the formula MSill,, wherein n is an 

3 0 integer from I to 6. M is an alkali or alkaline earth cation, and the 

hydrogen content H n of the compound comprises at least one increased 
binding energy hydrogen species. 

The compound may have the formula Si n H 4n wherein n is an 
integer and the hydrogen content \\ An of the compound comprises at least 
3 5 one increased binding energy hydrogen species. 

The compound may have the formula SiJHj,, wherein n is an 
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integer and the hydrogen content )I 3n of the compound comprises at leas, 
one inciensed binding energy hydrogen species. 

The compound may have, the formula Si„ll Jn O nl wherein n and m 
arc integers and the hydrogen content ll 3 „ of the compound comprises at 
5 least one increased binding energy hydrogen species. 

The compound may have Ihe formula 5.,/ fj ,. f ,0 wherein x ami y 
arc each an integer am! the hydrogen content H 4 ,., y of the compound 
comprises at least one increased binding energy hydrogen species. 

Ihe compound may have the formula Si,lf..O, wherein x and y are 
I 0 each an integer and the hydrogen content II,, of ,| le compound comprises 
at least one increased binding energy hydrogen species. 

The compound may have the formula SiJi^ iKo wherein n is an 
integer and the hydrogen content M Jn of the compound comprises at least 
one increased binding energy hydrogen species. 

1 5 The compound may have the formula 5iM,„., wherein n is cm 

integer and the hydrogen content H llMj of the compound comprises at 
least one increased binding energy hydrogen species. 

The compound may have the formula Si,H z ..,0, wherein x and y are 
each an integer and the hydrogen content H,„, of .he compound 

2 0 comprises ai least one increased binding energy hydrogen species. 

The compound may have the formula S>J1„. : 0 wherein n is an 
integer and the hydrogen content H...i of the compound comprises at 
least or.c increased binding energy hydrogen species. 

The compound .nay have the formula MSiJi,^0. wherein n is an 

2 5 integer. M is an alkali or alkalme earth cation, and the hydrogen content 

H, 0 „ of the compound comprises at least one increased binding energy 
hydrogen species. 

The compound may have (he formula MSi,.H„<0,„ wherein n is an 
integer. M is an alkali or alkaline earth cation, and ,he hydrogen content 

3 0 H, 0 „ of the compound comprises at least one increased binding enersy 

hydrogen species. 

The compound may have ihe formula MJSi,HJ) r wherein q, n. m. 
and p arc integers. M is an alkali or alkaline carlh cation, and Ihe 
hydrogen content \\ m of the compound comprises ai least one increased 
3 5 binding energy hydrogen species. 

The compound may have the formula M&H m wherein q. n, and m 
are integers. M is an alkali or alkaline carlh cation, and .he hydrogen 
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content H m of the compound comprises at least one increased binding 
energy hydrogen species. 

The compound may have the formula SiJ! m O it wherein n, m, and p 
are integers, and the hydrogen content H w of the compound comprises a! 
5 least one increased binding energy hydrogen species. 

The compound may have the formula Siji^ wherein n. and m are 
integers, and the hydrogen content U n> of the compound comprises at 
least one increased binding energy hydrogen species. 

The compound may have the formula MSiH n wherein n is an 
1 0 integer from I lo 8, M is an alkali or alkaline earth cation, and the 

hydrogen content H 0 of the compound comprises at least one increased 
binding energy hydrogen species. 

The compound may have the formula Si 2 H n wherein » is an integer 
from 1 to 8, and the hydrogen content H n of the compound comprises at 

1 5 least one increased binding energy hydrogen species. 

The compound may have the formula SiH n wherein n is an integer 
from 1 io 8, and the hydrogen content H n of the compound comprises :n 
leasi one increased binding energy hydrogen species. 

The compound may have the formula SiO ? H ft wherein n is an 

2 0 integer from 1 io 6 V and the hydrogen content }} n of the compound 

comprises at least one increased binding energy hydrogen species. 

The compound may have the formula MSiO?H n wherein n is an 
ir?!C£C. r fi'jr.t \ »e 6 M *»n*-»i: *w -vn-„i:«« _ j .i 

hydrogen content H n of the compound comprises ai least one increased 

2 5 binding energy hydrogen species. 

The compound may have the formula MSioH n wherein n is an 
integer from 1 to 14. M is an alkali or alkaline earth canon, and the 
hydrogen content H„ of the compound comprises at least one increased 
binding energy hydrogen species. 

3 0 The compound may have the formula M ? SiH M wherein n is an 

integer from I io is an alkali or alkaline canh cation, and the 

hydrogen content H n of the compound comprises at least one increased 
binding energy hydrogen species. 

In MHX, M 2 HX. M,XH„. M ? X 2 H n , rVl ? X 3 H. M ? XX'H, MM'XH n , MM'XX'H, 
3 5 MXX'H ft . MXAIX'H,,, me singly negatively charged anion may be a halogen 
ion, hydroxide ion, hydrogen carbonate ion, or nitrate ion. 
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l» MHX. M ? XH„. M?X X'.I. MMXII. MXX'H,. MXAIX'H.. .he double 
8 T LxS MS' ■„"? ? Vn rb ° na,C - 

•he observed characteristics such as stoichiomcuy, thermal s.abifi.y 

of .be correspond^ ordinary compound wherein ,he hydrosen content 
s only ordmary hydrogen H. The raSqtte observed fh j^cnMics " 
dependent on the increased binding energy of the hydrogen species 

Apphcanons of ,he compounds include use in baueries. fuel cells 

Zoo d! ° ,0dCS f °' ' hCr " ,l0n,C ?CnCra ' 0,S - P-°— seen, 

compound,.. corrosion resistant coatings, hen, resistant coating 

Phosphors fo. lighting, optica, coatings, op.ica, filters. ex.reJe "nhraviole, 

"wcV a8,:n,S • ,nnSki,,S " 8en,S - ,,0,>: ' n,S — nduco, 

ob k-oh. fuels, explosives, and propc.lants. h.creased binding energy 

hychogen compounds are useful in chemica. synthetic p.ocess.ng *' 
methods and refining methods. The increased b,ndin S encro y ,I y d roP e„ 
- has appheaoon as the negative ion of ,he Ccaro^c of /J vo, e 
efcctro.yt.c cclI . Jhc <>f ^ J ^ ^-.e 

lifT *T if " b0i,,ls w:,b i,>eci, ' ,c u " io " c > »' vv " 5 « h> j 

puniy desired .soiopes of elements. 

According , 0 another aspec, of ,he invention, dih^dnnos are 
produced by reading protons with hydrino hydride ions, or" by .be 
berma, decomposirton of hydrino hydride ions, or by ,he thermal or 
chemtcal decomposition of increased binding cncr.v hydro-en 
compounds. w " * 

A method is provided for preparing .-, compound compris.no a, 
•east one increased binding energy hych.de ion. .Such compound: are 

oZ-ses' " C<J '° " " hydnn ° " yd ' ,t,C -'.hod 
comprises .eactrng nl0lmc hytlrogen ^ a ^ ^ 

euthalpy of reaction of about Z.„,y, whcie m JS „ jnlegcf ^ ^ 
1. Preferably an integer less than 400. ,o produce an .ncreascd binding 
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energy hydrogen atom having a binding eneigy of about — where p 

( I 

is an integer, preferably no integer from 2 to 200. The increased binding 
energy hydrogen atom is reacted with ;m electron, to produce an 
increased binding energy hydride ion. The increased binding energy 
5 hydride ion is reacted with one or more cations to produce a compound 
comprising at least one increased binding energy hydride ion. 

The invention is also directed to a reactor for producing increased 
binding energy hydrogen compounds of the invention, such as hydrino 
hydride compounds. Such a reactor is hereinafter referred to as a 
] 0 "hydrino hydride reactor". The hydrino hydride reactor comprises a cell 
for making hydrinos and an electron source. The reactor produces 
hydride ions having the binding energy of £q. (7). The cell for making 
hydfinos may take the form of an electrolytic cell, a g ns cell, a gas 
discharge cell, or a plasma torch cell, for example. Bach of these cells 

1 5 comprises: a source of atomic hydrogen; at least one of a solid, molten. 

liquid, or gaseous catalyst for making hydrinos; and a vessel for reacting 
hydrogen and the catalyst for making hydrinos. As used herein and ns 
contemplated by the subject invention, the term "hydrogen", unless 
specified otherwise, includes not only protium ('//). but also deuterium 

2 0 and tritium. Electrons from the electron source contact the hydrinos and 

The reactors described herein as "hydrino hydride reactors" are 
capable of producing not only hydrino hydride ions and compounds, but 
also the other increased binding energy hydrogen compounds of the 

2 5 present invention. Hence, the designation "hydrino hydride reactors" 

should not be understood as being limiting with respect to the nature of 
the increased binding energy hydrogen compound produced. 

In the electrolytic cell, hydrinos are reduced (i.e. gain an electron) 
to form hydrino hydride ions by contacting any of the following I.) a 

3 0 cathode, 2.) a rcducinni which comprises the cell, 3.) any of the reactor 

components, or 4.) a rcductant extraneous to the operation of the cell (i.e. 
a consumable rcductant added to the cell from an outside source) (items 
2.-4 are hereinafter, collectively referred to as "the hydrino reducing 
reagent"). In the gas cell, the hydrinos are reduced to hydrino hydride 
3 5 ions by the hydrino reducing reagent. In the gas discharge cell, the 
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hydrinos arc reduced to hydrino hydride ions by I.) contacting (he 
cathode; 2.) reduction by plasma electrons, or 3.) contacting the hydfino 
reducing reagent. Ia the plasma torch cell, (he hydrinos are reduced to 
hydrino hydride ions by I.) reduction by plasma electrons, or 2.) 
5 contacting the hydrino reducing reagent. In one embodiment the 

electron source comprising the hydrino hydride ion reducing reagent is 
effective only in the presence of hydrino atoms. 

According to one aspect of the present invention, novel compounds 
are formed from bydrino bydtide ions and cations. In the electrolytic 
1 0 cell, the cation may be either an oxidi/.ed species of the material of the 
cell cathode or anode, a cation of an added reductant. or a cation of the 
electrolyte (such as a cat.on comprising the catalyst). The cation of the 
electrolyte may be a canon of the catalyst. In the gas cell, the ca.ton is 
an oxtdized species of the material of the cell, a cation comprising the 
15 molecular hydrogen dissociation material which produces atomic" 

hydrogen, a cation comprising an added reductant. or a cation present in 
the cell (such as a cation comprising the catalyst). I„ , he discharge cell 
the canon is cither an oxidized species of the material of the cathode or 
anode, a canon of an added reductant. or a cat.on present i„ the cell 
(such as a cation comprising the catalyst). In the plasma torch cell the 
cat.on , s cither an oxidized spec.es of the material of the cell, a cation of 
an added reductant, 0 . a canon present in the cell (such as a cation 



2 0 







A battery ,s provided comprising a cathode mid cathode 

2 5 compartment contaimng an oxidant; an anode and an anode compartment 

contaimng : , reductant, and a salt br.dge completing a circuit between the 
cathode and anode compartments. Increased binding energy hydrogen 
compounds may serve as ox.dan.s of the battery cathode half reaction 
The ox.dan. may be an tncrcased binding energy hydrogen compound A 

3 0 canon M" (where „ IS an integer) bound to a hydrino hydride ion such 

that the binding energy or the cation or atom is less than the 

binding energy of the hyd.ino hydtide ion H^iJ , n ay serve as the 

oxidant. Alternatively, a hydrino hydride ion may be selected for a 
g.ven cation such that the hydrino hydride ion is not oxidized by the 
3 5 cation. Thus, the oxidant M" ^ |~j comprises a cation M" , where 



n is 
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an integer and ihe hydrino hydride ion where p is an integer 

greater than 1. lhai is selected such that its binding energy is greater 
than thai cf M lm ~ i] \ By selecting a stable cnlion-hydrino hydride anion 
compound, a battery oxidant is provided wherein the reduction potential 
5 is determined by the binding energies of the cation and anion of the 
oxidant. 

The battery oxidant may be, for example, an increased binding 
energy hydrogen compound comprising a dihydrino molecular ion bound 
to a hydrino hydride ion such that the binding energy of the reduced 

2c - — , is less 
P . 

than the binding energy of the hydrino hydride ion M'j-M- One such 



oxidant is the compound H' 7 



?r = -™| //"()//)) where p of the dihydrino 



P 

molecular ion is 2 and />" of the hydrino hydride ion is 13, 14, 15. 16. 17, 
18, or 19. Alternatively, in the case of He' ' {//' (1 / p)\ or Fe" (//"(! / p)) t > p 

1 5 of the hydrino hydride ion may be t 1 to 20 because the binding energy 

of He' and Fe u is $4 A eV and 54.8 eV. respectively. Thus, in the case of 
tie 1 * (h~{\ f p)\. the hydride ion is selected to have a higher binding 

energy than He* (54/1 eV). In ihe case of /-V (/r(l / p)) ) die hydride ion 

is selected to have a higher binding energy than /->*" (54.8 eV). 

2 0 In one embodiment of the battery, hydrino hydride ions complete 

the circuit during battery • operation by migrating from the cathode 
compartment lo the anode compartment through a salt bridge. The salt 
bridge may comprise an anion conducting membrane and/or an anion 
conductor. The bridye may comprise, for example, an anion conducting 

2 5 membrane and/or an anion conductor. The salt bridge may be formed of 

a zeolite, a lanthanide boride (such as Af/i t . where M is a lamhanide), ov 
an alkaline earth boride (such as Ml\ where M is an alkaline earth) 
which is selective as an anion conductor based on the small size of the 
hydrino hydride anion. 

3 0 The battery is optionally made rechargeable. According to an 

embodiment of a rechargeable battery, a cathode compartment contains 
reduced oxidant and a anode compartment contains an oxidized 
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reducianl. The battery further comprises an ion such as the hydrino 
hydride ion which migrates 10 complete the cira.il. To permit the 
battery to be recharged, the oxidant comprising increased binding energy 
hydrogen compounds must be capable of being generated by the' 
5 application of a proper voltage to the battery to yield H, e desired 

oxidant A representative proper voltage is from about one volt to about 
100 volts. The oxidant M" // comprises a desired cation formed at a 
desired voltage, selected such that the n th ionization energy //>. I0 form 
the cation M" from *«•">•. where „ is an integer, is less than the binding 
10 energy of the hydrino hydride ion H^iJ. where p is an j„, C ger greater 
than 1. 

The reduced oxidant may be, for example, iron metal, and the 
oxidized reduciant having a s()1)rce c f hydrino hydride ions may be for 
example, potassium hydrino hydride <*•«-(,/,)). The application of a 
15 proper voltage oxidizes the reduced oxidant (/-,) ,o the desired ox.dation 
state (he'-) to form the oxidant ( Ft" (//(i y,,)^ where p of the hydrino 
hydride , on is an integer from II to 20). The application of the proper 
voltage also reduces the oxidized reduciant (K) to the desired oxidation 
state U) to form the reduciant (potassium rncral). The hydrino hydride 
2 0 ions complete the circuit by migrating from the anode compartment to 
!..c cathode compaiiv.iii,; iluou^li i„,d S e. 

fn an embodiment of the battery, the cathode compartment 
functions as the cathode. 

Increased binding energy hydrogen compounds providing a hydrino 
2 5 hydi.de ,o„ may be used ro synthesize desired compositions of matter by 
electrolysis. The hydr.no hydride ion may serve as the negative ion of 
the electrolyte of a high voltage electrolytic cell The desired compounds 
such as Zintl phase silicides and silanes may be synthesized usina 
electrolysis without the decomposition or the anion, electrolyte, or the 
30 electrolytic solution The hydrino hydr.de ion binding energy is greater 
than any ordinary species formed during operation of the cell. The" cell is 
opernted at a desired voltage which forms the desired product without 
decomposition of the hydrino hydride ion. In the case that the desired 
product is cation M" (where „ ,s an integer), the hydrino hydride ion 
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" (p) ' S Se?CClCtl Sl,ch lhal its binding energy is greater ihan that of 

M 1 " °\ The desired canons formed at the desired voltage may be selected 
such thai the n th ionization energy fP M to form the cation M"* from M {m i) * 
(where » is an integer) is less than the binding energy of the hydrino 
5 hydride ion /y Alternatively, a hydrino hydride ion may be selected 

for the desired cation such that it is not oxidized by the cation. For 
example, in the case of Ht u or /V\ P of the hydrino hydride ion may be 
II to 20 because the binding energy of tic and Fe*' is 54.4 eV and 54.8 
cV. respectively. Thus, in the case of a desired compound He** (if (i / p)) , 
1 0 the hydride ion is selected to have a higher binding energy than He' (54.4 
eV). In the case of a desired compound (/■/*(!/ p)) t (he hydride ion is 
selected to have a higher binding energy than /V* (54.8 cV). Hie 
hydrino hydride ion is selected such ihat die electrolyte docs not 
decompose during operation to generate the desired product. 

1 5 A cell of the present invention comprises a source of oxidant, a 

cathode contained in a cathode compartment in communication with the 
source of oxidant, an anode in an anode compartment, and a salt bridge 
completing a circuit between the cathode and anode compartments The 
oxidant may be hydrino* from the oxidant source. The hydrinos react to 
7 0 form hydrino hydride ions as a cathode half reaction. increased binding 
energy hydrogen compounds may provide hydrinos. The hydrinos may 
be supplied to the cathode from the oxidant source by thermally oi 
chemically decomposing increased binding energy hydrogen compounds. 
Alternatively, the source of oxidant may be an electrolytic cell, gas cell, 

2 5 gas discharge cell, or plasma torch cell hydrino hydride reactor of the 

present invention. An alternative oxidant of the fuel cell comprises 
increased binding energy hydrogen compounds. R>r example, a cation 
AT' (where n is an integer) bound to a hydrino hydride ion such that the 
binding energy of the cation or atom M { ' is less than the binding 

3 0 energy of the hydrino hydride ion ii '^-j may serve as the oxidant. The 

source of oxidant, such as AT' H [~\ may bc an eIec ^ o| y^tc cell, gas cell, 
gas discharge cell, or plasma torch cell hydrino hydride reactor of the 
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present invention. 

In an cmbodimcm of .he f tte | ceil, ,hc cathode compartment 
functions as the cathode. 

According , 0 another embodiment of the invention, a fuel is 

e7:;tl comp,ising kasi onc ,,,crcascd — 

According ,o another aspect of the invention, energy , s rcIcasC(J by 
he thermal decomposition or chemical reaction of a, , C as« one of the 
o .owmg reactants: (,) lnc ,eased binding energy hydrogen compound 

Sri " (3) di,,yd ' in ° composition or chemical reaction' 

produces a. leas, one of (a) increased b.nding energy hydrogen 
compound with a different stoicbiomeuy , han „,e reactants, (b) an 
...creased bmding energy h y< j r0 ge„ compound hav.ng «,„ samc 
stcchtomctry comprising one or more increased binding energy species 
. a, ave a higher bindmg energy ,han .he corresponding specks o he 
eae,a„ l(s ), <e ) hydrino. (d) dihydrino having a higher binding energy 
•ban the reactan, dihydrino. or (e) hydr.no having a higher binding 

Vd.ogen compounds as reactants and products include .hose olvco in 
he n X per,men.al Section and me Additional ...erased Kinding Energy 
Compounds Secion. h c>y 

Another embod.mcn, of the mvent.on is on increased bind,,,. 
— gr rfy».og e „ coir.po.wui c W .ui„i,->g a J.yd.ide ; v „ wjih „ biniii ° 
energy of about 0.65 cV. 8 

Another embodiment of the invcnt.on is a lncl()(Xl fo , 
compo f co , hc hydnJc hav . ng a ^ ^ 

nergy hydrogen „ omj ^ ^ 

hydro g e„ 3l wjt|l , ^ . ; 

•nblc hydnde ,on having a oindmg energy greater than 0.8 eV and a, 

con cZ r" rC!,CI,Ve m0m ' C byd,0gen The mc,hod f "" hc ' "-p"«« 

COl.ccng the non.eacvc atomic hydrogen and rencung ,he no„- 
reacve atomic hydrogen with a second reductan, thereby formin* 

PO i ve L e r" rC<, ° C,am 3 '" 8h ^ f "°«™ « a 

Z tan, mav b " T^" ^ " CnrCaC,iVC h > d ^ C "" ™< ««' 
reductan. may be a metal, other than an a.kali or alkaline earth metal 
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such as tungsten. The second rcdudani may comprise a plasma or an 
alkali or alkaline earth metal. 

Another embodiment of the invcniion is 3 method Tor the explosive 
release of energy. An increased binding energy hydrogen compound 
5 containing a hydride ion having a binding energy of about 0.65 eV, is 
reacted with a proton to produce molecular hydrogen having a first 
binding energy of about 8.928 cV. The proton may be supplied by an 
acid or a super-acid. The acid or super acid may comprise, for example. 
I IF, HCI, H1SO4, HNO3, i"c reaction product of HF and SbP 5l the reaction 

1 0 product of HCI and AI 2 C1 6 . the reaction product of H ? S0 3 F and SbF s , the 

reaction product of H ? SO< and SO?, and combinations thereof. The 
reaction of the acid or super-acid proton may be initialed by rapid 
mixing the hydride ion or hydride ion compound with the acid or super- 
acid. The rapid mixing may be achieved, for example, by detonation of a 
15 conventional explosive proximal to the hydride ion or hydride ion 
compound and the acid or super-acid. 

Another embodiment of the invention is a method for the explosive 
release of energy comprising thermally decomposing an increased 
binding energy hydrogen compound containing a hydride ion having a 

2 0 binding energy of about 0.65 cV. The decomposition of the compound 

produces a hydrogen molecule having a first binding energy of about 
8.928 eV. The thermal decomposition may be achieved, for example, by 

v .«*r:j£ convert ion a? explosive proximal to the hydride ion 
compound. The thermal decomposition may also be achieved by 

2 5 pcicussion heating of the hydride ion compound. The percussion heating 

may be achieved, for example, by colliding a projectile tipped with the 
hydride ion compound under conditions resulting in detonation upon 
impact. 

Another application of the increased binding energy hydrogen 

3 0 compounds is as a dopant in the fabrication of a thermionic cathode with 

a different preferably higher voltage than the starting material. lor 
example, the starting material may be tungsten, molybdenum, or oxides 
thereof. In a preferred embodiment of a doped theimionic cathode, the 
dopant is hydiino hydride ion. Materials such as metals may be doped 
3 5 with hydrino hydride ions by ion implantation, epitaxy, or vacuum 

deposition to form a superior thermionic cathode. The specific p hydrino 
hydride ton (H~(n-\/p) where p is an integer) may be selected to 
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provide i|,c desired properly such as voltage following doping 

Another application of the increased binding energy hydrcen 
compounds ,s as a ,| 0 pa„i or dopant component in the fabrication of 
doped semiconduc.ois each with an altered band gap relative to the 
stnmng material. j: 0 , example, the starting ma ,erial may be an ordinary 
semiconductor, an ordinary doped semiconductor, or an ordinary dopant 
such as s.hcon. germanium, gallium, indium, arsenic, phosphorous 
ant.mony. boron, aluminum. Group III elements. Group IV elements or 
Group V elements. In a preferred embodiment of the doped 
semiconductor, the dopant or dopant component is hydrino hydride ion 
Materials such as silicon may be doped with hydrino hydride ions by ion 
implantation, epitaxy, or vacuum deposition to form a superior doped 
scm.cond.rc.oi. The specific P hydr.no hydride ion (//(,,= !,„) whcrc p 
a an integer) may be selected to provide the desired property such as 
bam) gap following doping. 

A method of isotope separation composes the step of reacting an 
element or compound having an iso.opic mixture containing the desired 
element with an increased binding energy hydrogen species' in shor.a-e 
I he bond energy of the reaction product is dependent on the isotope of 
die dest.ed element. Thus, the reaction forms predominantly a new 
compound containing the desired element which is enriched in the 
d«.red isotope and a. least one increased binding energy hydrogen 
species. Or. ;r.e .cici.o., for,..* piedominamiy a new compound " 
containing the des.rcd clement which is enriched in the undesired 
•sotope and a. leas, one increased binding energy hydrogen species. The 
compound comprising at leas, one increased binding energy hydrogen 
species and the desired isotopicaJJy enriched clement is purified This is 
■he means to obtain the enriched isotope of the element. Or the 
compound comprising at leas, one increased binding energy hydros 
species and the undesired isotopically enriched clement is removed" to 
obtain the desired enriched isotope of the element. 

A method of separating isotopes of an element comprises: 

reacting an increased binding energy hydrogen species with an 
elemental .so.opic mixture comprising a molar excess of a desired isotope 
with respect ,o the increased binding energy hydrogen species to form a 
compound enriched in the desired isotope, and 

pu.ifying said compound enriched in the desired isotope. 
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A method of separating isotopes of an clement present in one moic 
compounds comprises: 

renning on increased binding energy hydrogen species with 
compounds comprising an isoiopic mixture which comprises a molar excess 
5 of a desired isotope with respect to the increased binding energy hydrogen 
species to form a compound enriched in the desired isotope, and 

purifying said compound enriched in the desired isotope. 
A method of separating isotopes of an clement comprises: 

reacting an increased binding energy hydrogen species with an 
10 elemental isoiopic mixture comprising a molar excess of an undesired 

isotope with respect to the increased binding energy hydrogen species to 
form a compound enriched in the undesired isotope, and 

removing said compound enriched in the undesired isotope. 
A method of separating isotopes of an element present -in one more 

1 5 compounds comprises: 

reacting an increased binding energy hydrogen species with 
compounds compnsing an isoiopic mixture which comprrses a molar excess 
of an undesired isotope with respect to the increased binding energy 
hydrogen species to form a compound enriched in tire undesired isotope 

2 0 and 

removing said compound enriched in the undesired isotope. 
In one cmboriimcnl of the method of separating isoiopes. the 
increased bmuiiig cuCig> irydiugtm species is a hydrino hydride ion. 

Other objects, features, and characteristics of the present invention, 

2 5 as well as the methods of operation and the functions of the related 

elements, will become apparent upon consideration of the following 
description and the appended claims with reference to the accompanying 
drawings, all of which form a pan of this specification, wherein like 
reference numerals designate corresponding parts in the various figures 

3 0 r 

ULJmiEllDjiSCRIPTION OF THE DRAWINGS 
FIGURE 1 is a schematic drawing of a hydride reactor in accordance 
with the present invention: 

FIGURE 2 is a schematic drawing of an electrolytic cell hydride reactor 
3 5 in accordance with the present invention; 

FIGURE 3 is a schematic drawing of a gas cell hydride reactor in 
accordance with the present invention; 
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F IGURE <1 is a schematic drawing of an experimental gas cell hydride 
reactor in accordance with the present invention; 

FIGURE 5 is :i schematic drawing of a gas discharge cell hydride 
reactor in accordance with the present invention; 

HGURE 6 is a schematic of an experimental gas discharge cell hydride 
rcacior in accordance with the present invention; 

FIGURE 7 is a schematic drawing of a plasma torch cell hydride reactor 
in accordance with the present invention; 

FIGURE 8 is a schematic drawing of another plasma torch cell hydride 
reactor in accordance with the present invention; 

FIGURE 9 is a schematic drawing of a fuel cell in accordance with the 
present invention; 

FIGURE 9A is a schematic drawing of a battery in accordance with the 
present invention; 

1 5 FIGURE 10 is the 0 to 1200 cV binding energy region of an X-ray 

Photoclectron Spectrum (XPS) of a control glassy carbon rod; 

FIGURE 1 1 is the survey spectrum of a glassy carbon rod cathode 
following electrolysis of a 0.57M K } CO y electrolyte (sample tl 1 ) with the 
primary elements identified; 

2 0 FIGURE 12 is the low binding energy range (0-285 eV) of a glassy 

carbon rod cathode following electrolysis of a 0.57A* K f CO x electrolyte 
(sample ffl); 

i IGURL 13 is iiie 55 io 70 cV binding energy region of an X-ray 
Phoiocleciron Spectrum (XPS) of a glassy carbon rod cathode following 

2 5 electrolysis of a 0.57A* K,CO } electrolyte (sample tfl); 

FIGURE 14 is the 0 to 70 cV binding energy region of a high resolution 
X-ray Photoclectron Spectrum (XPS) of a glassy carbon rod cathode 
following electrolysis of a 0.51M K 2 CO } electrolyte (sample «2); 

FIGURE 15 is the 0 to 70 eV binding energy region of a high resolution 

3 0 X-ray Photoclectron Spectrum (XPS) of a glassy carbon rod cathode 

following electrolysis of a H51M K } CO } electrolyte and storage for three 
months (sample #3); 

FIGURE 16 is the survey spectrum of crystals prepared by filtering the 
electrolyte from the K } CO } electrolytic cell that produced 6.3 X )0< J of 
3 5 enthalpy of formation of increased binding energy hydrogen compounds 
(sample #4) with the primary elements identified; 

FIGURE 17 is the 0 to 75 cV binding energy region of a high resolution 
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X-rny Photoelectron Spectrum (XPS) of crystals prepared by filtering the 
electrolyte from the K 7 CO } electrolytic cell ihnt produced 6. 3 v 10* J of 
enthalpy of formation of increased binding energy hydrogen compounds 
(sample #4); 

5 FIGURE 18 is the survey spectrum of crystals prepared by acidifying 
the electrolyte from the K,CO, electrolytic cell that produced 6.3„* 10* /of 
enthalpy of formation of increased binding energy hydrogen compounds, 
and concentrating the acidified solution until crystals formed on standing 
at room temperature (sample #5) wiih the primary elements identified; 
10 FIGURE 19 is the 0 to 75 eV binding energy region of a high resolution 
X-ray PhotocJcciron Spectrum (XPS) of crystals prepared by acidifying 
the electrolyte from the /C 7 CO, electrolytic cell that produced 6.3X10" J of 
enthalpy of formation of increased binding energy hydrogen compound;, 
and concentrating the acidified solution until crystals formed on standing 

1 5 at room temperature (sample «5); 

FIGURE 20 is the survey spectrum of aystals prepared by 
concentrating the electrolyte from a KXO, electrolytic celt operated by 
Thermacore, Inc. until a precipitate just formed (sample ff6) with the 
primary elements identified; 

2 0 FIGURE 21 is the 0 lo 75 eV binding energy region of a high resolution 

X-ray Pholoelectron Spectrum (XPS) of crystals prepared by 
concentrating the electrolyte from a K,CO y electrolytic cell operated by 
I 5>e i macule., inc. uniii a precipitate just formed (sample Wo) with the 
primary elements identified; 

2 5 FIGURE 22 is the superposition of the 0 to 75 eV binding energy 

region of the high resolution X ray Photoelectron Spectrum (XPS) of 
sample HA, sample #5, sample #6, and sample Ul\ 

FIGURE 23 is the stacked high resolution X-ray Photoelectron Spectra 
(XPS) (0 to 75 eV binding energy region) in the order from bottom to top 

3 0 of sample //S. sample H9. and sample r79A; 

FIGURE 24 is the mass spectrum <m/e = 0-IIO) of the vapors from ihe 
crystals from the electrolyte of the KXO> electrolytic cell hydiino 
hydride reactor that was made \ M in UNO i and acidified with UNO, 
(electrolytic cell sample #3) with a sample heater temperature of 200 *C; 
35 FIGURE 25A is the mass spectrum (/n /<> = 0- 1 10) of the vapors from 
the crystals filtered from the electrolyte of the K 7 C0 7 electrolytic cell 
hydrino hydride reactor (electrolytic cell sample M) with a sample 
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healer temperature of 185 °C; 

FIGURE 25B is the mass spectrum (m/c = 0-J10) of the vapors from the 
crystals filtered from the electrolyte of the K,CO, electrolytic cell hydrino 
hydride reactor (electrolytic cell sample HA) with a sample heater 
5 temperature of 225 °C. 

FIGURE 25C is the mass spectrum = 0- 200) of (he vapors from the 
crystals filtered from the electrolyte of the K,CO t electrolytic cell hydrino 
hydride reactor (electrolytic cell sample #4) with a sample heater 
temperature of 234 «C with the assignments of major component hyd.ino 
1 0 hydride silanc compounds and silane fragment peaks; 

FIGURE 25D is the mass specimm {mfe = 0 - 200) of the vapors from 
the crystals filtered from the electrolyte of the K,CO> electrolytic cell 
hydrino hydride reactor (electrolytic cell sample ItA) with a sample 
heater temperature of 219 °C with the assignments of major component 

1 5 hydrino hydride silane and siloxane compounds and silanc fragment 

peaks; 

FIGURE 26 A is the mass spectrum (/»/e = 0- 1 10) of the vapors from 
the yellow-white crystals that formed on the outer edge of a 
crystallization dish from the acidified electrolyte of the K,CO, electrolytic 

2 0 cell operated by Thcrmacore, Inc. that produced I6,YI0* J of enthalpy of 

formation of increased binding energy hydrogen compounds (electrolytic 
cell sample H5) with a sample heater temperature of 220 °C, 

FIGURE 26i> is the mass spectrum im/c = 0-iiy) of ihe vapors from the 
yellow-white crystals that formed on the outer edge of a crystallization 
dish from (he acidified electrolyte of the X.CO, electrolytic cell operated 
by Therrnacore, Inc. that produced 1.6X10'; of enthalpy of formation or 
increased binding energy hydrogen compounds (electrolytic cell sample 
»5) with a sample heater temperature of 275 "C. 

FIGURE 26C is the mass spectrum (m/e = 0- 1 10) of the vapors from the 
yellow-whi.e crystals that formed on the outer edge of a crystallization 
d.sh from the acidified electrolyte of the K,CO> electrolytic cell operated 
by Thcrmacore. Inc. that produced 1.6X10' J of enthalpy of formation of 
increased binding energy hydrogen compounds (electrolytic cell sample 
#6) with a sample heater temperature of 212 °C; 

FIGURE 26D is the mass spectrum (m/«r = 0 - 200) of the vapors from 
Ihe yellow-white crystals that formed on the outer edge of a 
crystallization dish from the acidified electrolyte of the K } CO, elcctrolylic 
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cell operated by Thcrroacorc, Inc. that produced 1.6 X 10* J of enthalpy of 
formation of increased binding energy hydrogen compounds (electrolytic 
cell sample r/6) with a sample healer temperature of 147 °C with the 
assignments of major component hydrino hydride si lane compounds and. 
5 silane fragment peaks; 

FIGURE 27 is the mass spectrum (m/^O-HO) of the vapors from the 
cryopumped crystals isolated fiom the 40 T cap of a gas cell hydrino 
hydride reactor comprising a Kl catalyst, stainless steel filament lends, 
and a W filament (gas eel! sample 4M) with the sample dynamically 
1 0 heated from 90 °C to 120 °C while the scan was being obtained in the 
mass range m/* « 75- 100; 

NGURB 28A is the mass spectrum <»i/<>~ 0 -110) of the sample shown 
m JP1GURE 27 with the succeeding repeat scan where the total time of 
each scan was 75 seconds; 

1 5 FIGURE 28B is the mass spectrum (m/^()-n0) 0 f the sample shown 

in FIGURE 27 scanned 4 minutes later wiih a sample temperature of 200 

FIGURE 29 is the mass spectrum (/»/*= 0- J 10) ol the vapors from the 
cryopumped crystals isolated from the 40 °C cap of a gas cell hydrino 

2 0 hydride reactor comprising a K) catalyst, stainless steel filament leads, 

and a IV filament (gas cell sample f72) with a sample temperature of 225 

*C; 

FIGURE 3GA is the mass spectrum <mrr = 0-200) ol the vapors from 
the crystals prepared from a dark colored hand at the lop of a gas cell 

2 5 hydrino hydride reactor comprising a Kl catalyst, stainless steel filament 

leads, and a W filament (gas cell sample OA) with a sample heater 
temperature, of 253 T with the assignments of major component hydrino 
hydride silane compounds and silane fragment peaks; 

FIGURE 30B is the mass spectrum (nr/r = 0-200) of the vapors from 

3 0 the crystals prepared from a dark colored band at the top of a gas cell 

hydrino hydride reactor comprising a K! catalyst, stainless steel filament 
leads, and a if filament (gas cell sample 43B) with a sample heater 
temperature of 216 °C with the assignments of major component hydrino 
hydride silane and siloxane compounds and silane fragment peaks; 
3 5 FIGURE 31 is the mass spectrum (m/r = 0-200) of the vapors from 
pure crystals of iodine obtained immediately following the spectrum 
shown in FIGURES 30A and 300; 
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FIGURE 32 is die mass spectrum (ni/e = 0 - J 10) of the vapors from ihc 
crystals from the body of a gas eel] hydrino hydride reactor comprising a 
Ki catalyst, stainless steel filament leads, and a W filament (gas eel! 
sample #4) with a sample heater temperature of 226 °C; 
5 FIGURE 33 is Ihc 0 to 75 eV binding energy region of a high resolution 

X-ray Photoclcciron Spectrum (XVS) of rcciyslallizcd crystals prepared 
from the gas cell hydrino hydride reactor comprising a KI catalyst, 
stainless steel filament leads, and a W filament (izas cell sample HA) 
corresponding to the mass spectrum shown in FIGURE 32; 
10 FIGURE 34A is the mass spectrum («>/r = 0-l!0) of the vapors from 

the cryopumped crystals isolated from die 40 °C cap of a »as cell hydrino 
hydride reactor comprising a Rbl catalyst, stainless steel filament leads, 
and a W filament (gas cell sample U 5) with a sample temperature of 205 
C; 

1 5 FIGURE 34 B is the mass spectrum (m/r = 0-200) of the vapors from 

the cryopumped crystals isolated from the 40 °C cap of a gas cell hydrino 
hydride reactor comprising a HM catalyst, stainless steel filament leads, 
and a W filament (gas cell sample It 5) with a sample * tempo anno of 201 
P C wjth the assignments of major component hydrino hydride silane and 

2 0 siloxanc compounds and silane fragments; 

FIGURE 34C is the mass spectrum (m / e = 0- 200) of die vapors from the 
cryopumped crystals isolated from the 40 °C cap of a gas cell hydrino 
hydride reactor comprising a Hbl catalyst, stainless steel filament leads, 
and a \V filament (gas cell sample tl 5) with a sample temperature of 235 

2 5 n C with the assignments of major component hydrino hydride silane and 

siloxane compounds and silane fragments; 

FIGURE 35 is the mass spectrum <m/; = 0-HO) of the vapors from the 
crystals from a gas discharge ce!i hydrino hydride reactor comprising a 
KI catalyst and a Ni electrodes with a sample heater temperature of 225 

3 0 'C; 

FIGURE 36 is the mass spectrum (ir»/e = 0- 110) of the vapors from the 
crystals from a plasma torch cell hydrino hydride reactor with a sample 
heater temperature of 250 °C with the assignments of major component 
aluminum hydrino hydride compounds and fragment peaks; 
3 5 MGURE 37 is the mass spectrum as a function of lime of hydrogen 
2 and(m/<>=|), water [m/e = 18, mie = 2, and ( mie ~ I), carbon 
dioxide (/n/<- = 44 and m/f^!2). and hydrocarbon fragment CH' y 
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(m/e-\5), and carbon (m/e~\2) obtained following recording the mass 
spectra of ihe ciystals fiom the electrolytic cell, the gas cell, the gas 
discharge cell, and the plasma torch cell hydrino hydride icactors; 

FIGURE 38 is the mass spectrum (m/* = 0~50) of the passes from the 
5 Ni tubing cathode of the K 1 CO l electrolytic cell on-line with the mass 
spectrometer; 

FIGURE 39 is the mass spectrum <We = 0-50) of the MIT sample 
comprising nonrecombinable gas from a K 7 CO y electrolytic cell; 

FIGURE «10 is the output power versus time during the catalysis of 
1 0 hydrogen and the response to helium in a Calvet cell containing a heated 
platinum filament and KNO, powder in a quartz boat that was heated by 
the filament, 

FIGURE '1 1 A is the mass spectrum (m/e--=0-50) of the gasses from the 
Pennsylvania State University Calvet cell following the catalysis of 

1 5 hydrogen that were collected in an evacuated stainless steel sample 

bottle; 

FIGURE 4 IB is the mass spectrum (m/«r = 0 ~ 50) of the gasses from the 
Pennsylvania Stale University Calvet cell following the catalysis of 
hydrogen thai we>e collected in an evacuated stainless steel sample 

2 0 bottle at low sample pressure; 

FIGURE 42 is the mass spectrum (m/<- = 0-200) of the passes from the 
Pennsylvania State University Calvet cell following the catalysis of 

l . . J>.. , » - . l II..., j ; .. _> . . • . . . . » 

ii^vnv;^cii tu*j« wcic twiir.vicM mi >hj cvji^urncu MJimcSS Sicci >aiii])K' 

bottle; 

2 5 FIGURE 43 is the results of the measurement of the enthalpy of the 

decomposition reaction of hydrino hydride compounds using an adiabatic 
calorimeter with virgin nickel wires and cathodes from a Na 7 CO y 
electrolytic cell and a K 7 CO y electrolytic cell that produced 6.3X10*; of 
enthalpy of formation of increased binding energy hydrogen compounds; 

3 0 FIGURE 44 is the gas chromatographic analysis (60 meter column} of 

the gasses released from the sample collected from the plasma torch 
manifold when the sample was heated to 400 °C; 

FIGURE 45 is the gas chromatographic analysis (60 meter column) of 
high purity hydrogen; 
3 5 FIGURE 46 is the gas chromatographic analysis (60 meter column) of 

gasses from the thermal decomposition of a nickel wire cathode from a 
KXO) electrolytic cell that was heated in a vacuum vessel; 
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FIGURE 47 is the gas chromatographic analysis (60 meter column) of 
gasses of a hydrogen discharge with ihe caiaiyst (Kl) where the reaction 
gasscs flowed ihrough a 100% CuO recombiner and were sampled by an 
on-line gas chromatograph; 
5 FIGURE 4H is the X-ray Diffraction (XRD) data before hydrogen flow 

over the ionic hydrogen spillover catalytic materia!: 40% by weight 
potassium nitrate ( KNO y ) on Grafoii with 5% by weight 1%-Pt-on- 
graphitic carbon; 

FIGURE 49 is the X-ray Diffraction (XRD) data after hydrogen flow 

1 0 over the ionic hydrogen spillover catalytic material: 40% by weight 

potassium nitrate ( KNO,) on Grafoii with 5% by weight 1%-Pt-on- 
graphitic carbon; 

FIGURE 50 is the X-ray Diffraction (XRD) paticrn of the crystals from 
the stored nickel cathode of the K 7 CO, electrolytic cell hydrino hydride 
15 reactor (sample fllA); 

FIGURE 51 is the X-ray Diffraction (XRD) paticrn of the ctystals 
prepared by concentrating the electrolyse from a K,CO, electrolytic cell 
operated by Thermacore, Inc. until a precipitate just formed (sample it?); 

FIGURE 52 is the schematic of an apparatus including a discharge cell 

2 0 light source, an extreme ultraviolet (EUV) spectrometer for windowlcss 

F-UV spectroscopy, and a mass spectrometer used to observe hydrino. 
hydrino hydride ion, hydrino hydride compound, and dihydrino 
molecular ion formations and transitions; 

FIGURE 53 is the EUV spectrum (20-75/im) recorded of normal 

2 5 hydrogen ami hydrogen catalysis with WW, catalyst vaporized from the 

catalyst reservoir by heating; 

FIGURE 54 is the EUV spectrum (90-93 nm) recorded of hydrogen 
catalysis with Kl catalyst vaporized from the nickel foam metal cathode 
by the plasma discharge; 

3 0 FIGURE 55 is the EUV spectrum (89-93 nm) recorded of hydrogen 

catalysis with a five way stainless steel cross discharge cell that served 
as the anode, a stainless steel hollow cathode, and Kl catalyst thai was 
vaporized directly into the plasma of the hollow cathode from the 
catalyst reservoir by heating superimposed on four control (no catalyst) 
3 5 runs; 

FIGURE 56 is the EUV spectrum (90-92.2 nm) recorded of hydrogen 
catalysis with Kl catalyst vaporized from the hollow copper cathode by 
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the plasma discharge; 

RWRli 57 is lke EUV spcc, Ium ( ao-l20«.) recorded of nor™, 
Mrogcn cxc.ted by a oiscbarge cc| , w „ ich cQn »»' 

5 s,cci cross ,hat scrved - - — - ■ — 

FIGURE 58 is .he EUV spectrum (20-.20™) recorded of hydr.no 

it . c e°r:r: ? ,hcsizcd •* * ca,a,y " — « 

catalyst ,eserv„, r by hca|lng whcrcjn ([je UtD$j . 

f ;; n :r ,m> ,hai fc * c,ed ^ — cn 

« 5 HCURE 60 is ,hc stocked TOFSIMS speca „„, = 9 <.. V9 in lhe <)fdcr 

ZrZT '° ' 0,> ° f TOFS,MS *« «-0 

HOURl, 6IA is the stacked TOFSIMS spectra ™/,.0-50m the onle, 

20 FIGURE 611) , s , hc stacked TOFSIMS spec,,-, „,„ = 0 - 5 0 in the order 

::ztz ,o ,op or TOFaMs ^ »■ «o. sa : P ,r;r:d 

FIGURE 62 is the slacked mass spectra (m/ ,., 0 -200) of the v.pors from 

with a sample heater temperature of 157 °C in the ord,r r , 

bottom of , P=30 eV . , P=70 , V . and I P=I50 cV r '° m "* '° 

^Z^^^^^^ sapors from the 

3 0 i ho r,n , , Conccni '^& 300 cc o. .he K t CO, electrolyte from 

increased b.ndtng energy hydrogen compounds using a rof»rv 
cva . . c uni) , a prccjpi|a(e fonne j « ry 

TOT S.MS sample «, with a sampJc ^ <>f ^ ^ ^ ^ 

35 cone^ g 64 th i s et,::;;,? ; pcc,r r of ciys,ais ^ » 

6 3*1*7 of C , CCC,r ° ,V ' C frora ,he K > C °> ^"-huc cell tha, produced 
63, »0 J of enthalpy of , 0 , ma(ion of m , * 
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compounds with 3 rotary evaporator, and allowing crystals to form on 
standing D , room icmpcraturc (XPS sample HI) with the primary elements 
identified. 

FIGURE 65 is .he 675 cV 10 765 eV binding cneigy region of an X-ray 
5 Pholoeleciron Spectrum (XPS) of .he cryopumped crystals isolaicd from 
ihe 40 "C cap of a gas cell hydrino hydride reactor comprising a K l 
catalyst, stainless steel" filament leads, and a w filament (XPS sample 1/13) 
with Fe2p, and 7>2;>, peaks identified; 

FIGURE 66 is Ihe 0 to 1)0 eV binding energy region of .an X-ray 
1 0 Pholoeleciron Spectrum (XPS) of .he cryopumped c.ys.als isolated from 
the cap of a gas cell hydrino hydride reactor comprising a Kl catalyst, 
s.ainless steel filament lends, and a W filament (XPS sample BI4), 

J-1GURE 67 is the 0 eV io 80 cV binding energy region or an X-ray 
Photoelcciron Spectrum (XPS) of Kl (XPS sample «15); 
1 5 FIGURE 68 is the I-T1R spectrum of sample SI from winch the FTIR 

spcctium of .he reference potassium carbonate was digitally subtrac.cd; 

FIGURE 69 is ihe overlap FTIR spectrum of sample tt\ and ihc ITIR 
spectrum of ihe reference potassium carbonate; 
FIGURE 70 is Ihe FTIR spectrum of sample «4. 

FIGURE 71 is the stacked Raman spectrum of I.) ;> nickel wire that was 
temoved from the cathode of the KXO. clectiolylic cell operated by 
Thermacote. Inc. thai was rinsed with distilled water and dried wherein 
:!-.e cell produced 1.6X10* 7 o. r cuh.-.},,, or fojimiiion of increased binding 
energy hydrogen compounds. 2.) a nickel wire that was removed from Ihc 
cathode of a control NoXO x electrolytic cell operated by BlackLight Power, 
Inc. thai was rinsed with distilled water and dried, and 3.) .he same nickel 
wire (Nl 200 0.0197". HTN36NOAC1. A« Wire Tech. Inc.) that was used in 
Ihc electrolytic cells of sample ff2 and sample »3; 

FIGURF 72 is the Raman spectrum of crystals prepared by concentrating 
30 the electrolyte from the KXO.. electrolytic cell that produced 6.3 X 10* J of* 
enthalpy of formation of increased binding energy hydrogen compounds 
wiih a rotary evaporator, and allowing crystals l0 form on standing m 
room temperature (sample «4); and 

FIGURE 73 is the magic angle solid NMR spectrum of crystals prepared 
by concentrating the electrolyte from a AT.CO, electronic cell operated by 
Thermacore, Inc. until a precipiiatc just formed (sarnpic #1); 

FIGURE 74 is the 0-160 eV binding energy .egron of a survey X-ray 
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Photodeciron Spectrum (XPS) of sample if\7 with the primary elements 
and dihydrino peaks identified; 

lTGURf£ 75 is ihc stacked TGA results of I.) the reference comprising 
99.999% KNO y (TGA/DTA sample *]) 2.) crystals from the yellow- white 
5 crystals thai formed on the outer edge of a crystallization dish from the 
acidified elecirolyie of the A\CO, electrolytic cell operated by Thermacorc. 
Inc. thai produced 1.6X10*7 of enthalpy of formation of increased binding 
energy hydrogen compounds (TGA/DTA sample H2). 

FIG URL: 76 is the stacked DTA results of L) the reference comprisino 
10 99.999% KNO, (TGA/DTA sample ID) 2.) crystals from the yellow-while 
crystals that formed on the outer edge of a crystallization dish from the 
acidified electrolyte of ihe K 7 CO> electrolytic cell operated by Thermacorc, 
Inc. that produced l.6XlO f V of enthalpy of formation of increased binding 
energy hydrogen-compounds (TGA/DTA sample #2). 

15 

!V_ D»:TA 1LHI> DESCRIPTION nFTHI^Wj^QQ^ 
Formation of a hydride ion having ;) binding energy stealer than 
about 0.8 rV. i.e.. a hydrino liyclride ion, allow* for production of alkali 
and alkaline eanh hydrides having enhanced stability or slow reactivity 
2 0 in waier. in addition, very stable metal hydrides can be produced wjih 
hydrino hydride ions. 

Increased binding energy hydrogen species form very strong bonds 
wiiii Cciu»iti caiiuii> and have unique properties with many applications 
such as culling materials (as a replacement for diamond, for example); 

2 5 structural materials and synthetic fibers such as novel inorganic 

polymers. Due to the small mass of such the hydrino hydride ion, these 
materials aie lighter in weight than present materials containing a other 
anions. 

Increased bindin? energy hydrogen species have many additional 

3 0 applications such as cathodes for thermionic generators; formation of 

phoioluminesccm compounds (e.s. Ziml phase siJicides and silancs 
containing increased binding energy hydrogen species): corrosion 
resistant coatings; heat resistant coatings; phosphors lor lighting; optical 
coatings; optica! fillers (e.g., due to the unique continuum emission and 
3 5 absorption bands of the increased binding energy hydrogen species); 
extreme ultraviolet laser media (e.g., as a compound with a with highly 
positively charged cation); fiber optic cables (e.g., as a material with a 
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low attenuation fot electromagnetic radiation and a high refractive 
index); magnets and magnetic computer storage media {e.g., as a 
compound with a ferromagnetic cation such as iron, nickel, or chromium); 
chemical synthetic processing methods; and refining methods The 
3 specific P hydr.no hydr.de ion < «> = !/,) where P is an integer) may be 
selected to provide the desired propeity such as voltage following 
doping. 

The .eactions resulting in the fo.mation of the increased binding 
energy hydrogen compounds are useful in chemical etching processes? 
1 0 such as semiconductor etching to form computer chips, for'examplc. 

Hydrino hydride ions are useful as dopants for semiconductors, to alter 
the energies of the conduction and valance bands of the semiconductor 
majerials. Hydrino hydride ions may be incorporated into semiconductor 
materials by ion implantation, beam epitaxy, or vacuum deposition The 

1 5 specf.c , hydrino hydride ion («■(„= | / ,,) where „ is an integer) may be 

selected i 0 provide the desired properly such as band gap following 
doping. 

Hydrino hydride compounds arc useful semiconductor masking 
agents. Hydrino species-iermiiiaicd (versus hydrogen-terminated) " 

2 0 silicon may be utilized. 

The highly siablc hydrino hydride ion has application as the 
negative ion of the electrolyte of a high voltage electronic cell. In a 
fuithc. . w :,cuiion. a hydrino hydride ion wi.h extreme stability 
represents a significant improvement as ihe product of a cathode half 

2 5 reaction of a fuel cell or battery over conventional cathode products of 

present batteries and fuel cells. The hydrino hydride reaction of Eq. (8) 
releases much more energy. 

A furthci advanced battery application of hydrino hydride ions is 
in ihe fabrication of batteries. A battery comprising, as an oxidant 

3 0 compound, a hydrino hydride compound formed of a highly oxidized 

cation and a hydrino hydride ion (-hydrino hydride baiierv"). has a 
lighter weight, higher voltage, higher power, and greater 'enersy density 
than a conventional battery. In one embodiment, a hydrino hydride 
battery has a ceil voltage of about 100 times thai of conventional 
3 5 batteries. The hydrino hydride battery also has a lower res.stance than 
conventional batteries. Thus, the power of the inventive battery is more 
than 10.000 times .he power of ordinary batteries Furthermore a 
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hydrino hydride battery can posses energy densities or greater than 
100,000 wati hours per kilogram. The most advanced of conventional 
bniiciies have energy densities of less that 200 wait hours per kilogram. 

Due to the rapid kinetics and the cxiraoidinary exothermic nature 
5 of the reactions of increased binding energy hydrogen compounds, 
particularly hydiino hydtidc compounds, other applications include 
munitions, explosives, propcllants, and solid fuels. 

The selectivity of hydrino atoms and hydride ions in forming bonds 
with specific isotopes based on a differential in bond energy provides a 
10 means to purify desired isotopes of elements. 

I. HYpjyDEJON 

- A hydrino atom 'Cacis with an electron to form a 

corresponding hydrino hydride ion H (n « J / p) as given by Eq. (8). 

1 5 Hydride ions arc a special case of iwo-cleciron atoms each comprising a 

nucleus and an "electron 1 " and an electron 2". The derivation of the 
binding energies of two electron atoms is given by the '96 Mills GUT. A 
brief summary of the hydride binding energy derivation follows 
whereby the equation numbers of the format {if itUH) correspond to those 

2 0 given jn the '96 Mills GUT. 



-ru.. i ._: ; . ... .... 

j »»v iivwiujc i\nt vumjjuM.-^ iwu moisii nguisnapic electrons bound to 
a proton of Each electron experiences a centrifugal force, and the 

balancing centripetal force (on each electron) is produced by the electric 
force between the electron and the nucleus. In addition, -a magnetic force 
exits between the two electrons causing the electrons to pair. 

LJ P-ti££fiUn3Jis^ 

Consider the binding of a second electron to a hydrogen atom to 
lorn) a hydride ion. The second electron experiences no centra) electric - 
force because the electric field is zero outside of the tadius of the first 
electron. However, the second electron experiences a magnetic force due 
to electron I causing it to spin pair with electron 1. Thus, electron I 
expeiiences the reaction force of election 2 which acts as a centrifugal 
force. The force balance equation can be determined by equating the 
total forces acting on the two bound electrons taken together. The force 
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balance equation for the paired ticc.ron orbiisphere is ob.aincd by 
equaling the forces on the mass and charge densities. The centrifugal 

.s 2m.. fclecinc field h„cs end on charge. Since both electrons are paired 
a. the same radius, the number of field lines ending on the char-c 
dens.ty of electron 1 equals the number .ha, end on the charge "density 
of electron 2. The electric force is proportional to Ihc number of field 
lines: thus, the centripetal electric force. K... between the electrons and 
the nucleus is 

) > 

•e' 

* ""T^T" (12) 
where c. « the permittivity of free-spnec. The outward magnetic force 

Z t,s'Ts P ; irCd ;! CC,r ° nS V'™ b >' '»-■ -eauve of Eq. (7.15). where 
•Ire mass »s 2,„. Ihc outward centrifugal force and magnetic forces on 
electrons 1 and 2 are balanced by the electric force 
I , 

i"_ I tr 

^"4«of~z?; t 7 v,(v - ,,J (i3) 

where 2 = 1. Solving foi ,„ 



~ r, --<i„(l i V^lj): 1 



1 (II) 

That is. the final radius of electron 2. , ; . is «,vcn by Eq. (14); this is also 



1^2 B] n d jnji J;jn cr&x 

During ionization, electron 2 is moved to infimty. By the selection 
rules for absorpt.on of electromagnetic radiation dictated by 
conservation of angular momentum, absorption of a photon causes the 

The um^irl'T nn,it,a ^ Hc, Vin-p-red electrons to become parallel, 
lhe unp.-nr.ng energy, E^ {m , S neric). is given by llq. (7.30) and Eq <M) 

multiplied by two because the magnetic energy is proportional to the 
square of the magnet.c field as derived in Eq S . (LI22-I 129) A 
repulsive magnetic force exists on the electron to be ionized'due to the 
parallel alignment of the spin axes. The energy to move electron 2 to 3 
radtus wh.ch , s mfinitcsimally greater than that of electron I is zero In 
<»»s case, the only force acting on electron 2 is the magnetic force Due to 
conservator of energy, the potcnual energy cbangc , 0 nlovc c|ecIron ? 
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to infinity to ionize the hydride ion can be calculated f IO m .lie ma-neiic 
fotce of Eq. (13). The magnetic work, £„„ r ,.,. is the negative integral of 
the magnetic force (the second term on the right side or Eq. (13)) from r, 
to infinity, 

where r, is given by Eq. (14). JThe result of the integration is 

""^•""^ji+vsuTor (,6) 

where B y moving electron 2 to infinity, eleclron 1 moves to the 
radius r , = a„, and .he corresponding magnetic energy. F.. ln ^(n,ng„ e tic). 

10 is jiven by Eq. (7.30). in the preset case of an inverse squared centra! 
field, the binding energy is one half the negative of the potential energy 
IPowlcs, G. R.. Analytical- Mechanics, Third Edition, Holt. RinehoM. and " 
Winston. New York. (1977), pp. 154-156 ). Tims, the binding, energy is 
given by subtracting the two magnetic energy , cfn)s fl0m onc ha „ |hc 

I 5 negative of the magnetic work wherein m, is the electron reduced mass 
li. given by Eq. (1.167) due to the elect, odynamic magnetic force 
between electron 2 and the. nucleus given by one half that of Eq. (1.1 64). 
The factor of one half follows from Eq. (13). 



Binding Energy * - I _ ^magnrtU-)- E^^{,,,ognclic) 



(17) 



The binding energy of the ordinary hydride ion // (« = )) is 0.75-102 eV 
according lo Eq. (17). The experimental value given by Dean [John A. 
Dean, Ed.tor. La^s^lnMb^J^hcjniiUi:, Tlmteenth Edition. 
McGraw-Hill Book Company. New York. (1985). p. 3-10.) is 0.754209 r v 
which corresponds to a wavelength of X 1644 ,„„. Thus, both values 
25 approximate to a binding energy of about 0.8 rV. 

L2 li^ino_Hyo^j<Ji^on 

The hydrino atom //(|/2) con form a sinble liydridc ion, namely 
the bydiino hydride ion //-(„ = 1/2). The central field of the hydrino 
3 0 atom is twice that of the hydrogen atom, and ii follows from Eq. (13) that 
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«hc rad.us of the hydrino hydride ion //>- U7) is one half .hat of nn 
ordinary hydrogen hydride ion, // (, = !), give, by fiq. (M). 

r^r,,^,^rn)): S A 2 (l8) 

The energy follows from Bq. (17) and Bq. (18). 

Binding hneigy -: - — t„ M - £,„ — .^.(m^wiif)- £„ ( {magnetic) 



8/^ 



1 + 



2' 



" 2"" J 



(19) 



The binding energy of ihe hydrino hydride ion /r(« = i/2)i$ 3 047 eV 
according (o Bq. (19). which corresponds .o a wnvefcnjtlh of A =407,,,,, 
In general, ihe ccn.ral field of hydrino atom H{n = \ I p), p- integer is p 
<i>nes .|.ai of ,|, e hydrogen a ,om. Thus. ,he force balance equa.ion is 

I ft' 



P t 

— e 
..-2 _. 
4nc 



2 2m rl 



where Z=| because ihe field is zero for ,>,-,. Solving for r,. 



(20) 
(21) 



From Bq. (21). ,he radios of (he hydrino hydr.de .on //{„ = , , p ), ps in(cgCf 
is - that of atomic hydrogen hydride. // („■„!), given by Gq. (M). The 
energy follows Iron. Eq. (20) and E<] (21) 



Binding Energy =• - i fc^ 



(22) 



— . p.-T.^i „ IL „ u ,uiii» energy 0 1 th 
II (n-\l p ) ns a fonction of p according to Eq. (22). 



ion 



2,.HYDRIDIUiBAClxiR 

One embodiment of the present invention involves a hydride 
reactor shown ,„ ,: 1GURE , comprisi „ g a vc$sc| 52 ^ ^ 

mixture 54. The catalvtk m,;v.„. , u , 

^ dialysis mixioic 54 comprises a source of atomic 
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hydrogen 56 supplied through hydrogen supply passage 42 and -, 
ca.--.lyst 58 supplied through catalyst supply passage 41. Catalyst 58 has 
a net enthalpy 0 f reaction of about J 27.21 e V, where m is an integer, 
preferably an inleger less than -100. The catalysis involve, reacting 
alom.c hydrogen from the source 56 with .he catalyst 58 to form 
hydrmos. The hydiidc reac.or further includes an electron source 70 lor 
contacting hydrinos wi.h electrons, to reduce the hydrinos to hydrino 
hydride ions. 

The source of hydrogen can be hydrogen gas. w a ,«. ordinary 
hydr.de. or metal-bydrogcn solutions. The water may bc dissociated to 
form hydrogen atoms by. for example, thermal dissociation or 
electrolysis. According to one embodiment of .he invcnlion. molecular 
hyOrogen ls dissociated in.o atomic hydrogen by .a molecular hydro-en 
dissociating catalyst. Such dissociating catalysts include, fo, example 
noble metals such as palladium and platinum, refractory nu-.als such as 
molybdenum and .ungs.cn. nansition n.etals such as nickel and titanium 
inner unnsi.ion meals such as niobium and mconium. and other such 
inaienals listed in ,|,e Prior Mills Publications. 

According to another embodiment of .he invention ..tilmn- a ns 
ce > I hydride reactor or gas discharge cel. hydr.de reactor as shown in 
lOUKtS 3 and 5. respeciivcly. a pho.on source dissoc.a.es hydro-en 
molecules to hydrogen aioms. 

»" all the hyd.ino hydride .eac.or embodiments of the .resent 
• nvent.on. ,hc .neans to form hyd.ino can be one or mo.e of an 
electrochemical, chemical, photochem.cn.. thermal, f.ee radical, sonic or 
nuc.car reactions), or inelastic pho.on or particle scattering reactions) 
In the latter two cases, the hydride reactor composes a panicle source 
and/or photon source 75 as shown in FIGURE I. to supply ,he reaction as 
an inelastic scattering reaction. In one embodiment of the hydrino 
hydride reactor. ,he ca.alys. includes an e.ccrocmaly.ic ion or coup.e(s) 
m the mohen. li Quid> gaScous , (>| ^ ^ ^ ^ ^ ^ 

I nor Mi ls Pub.ica.ions (e.g. TABLE 4 of PCT/US90/0.998 and pa.es 25- 
16. 80-108 of PCT/US94/02219). 

Where the catalysis occurs in the gas phase, the catalvs. may be 
maima.ned a, a pressure less than atmospheric, preferably 'in the , a „„ e 
.0 milhtorr ,o ,00 ,orr. The atomic and/or molecular hydrogen reactant 
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is maintained at a pressure less than atmospheric, preferably in the 
range. 10 millitorr lo 100 torr. 

Each of the hydrino hydride rcactot embodiments of the present 
invention (electrolytic cell hydride reactor, gas cell hydride teactor, gas 
5 discharge cell hydride reactor, and plasma torch cell hydride reactor) 
comprises the following: a source of atomic hydrogen; at least one of a 
solid, molten, liquid, or gaseous catalyst for generating hydrinos; ami a 
vessel foi containing the atomic hydrogen and the catalyst. Methods and 
apparatus for producing hydrinos. including a listing of effective 
I 0 catalysts and sources of hydrogen atoms, are described in the Prior Mills 
Publications. Methodologies for identifying hydrinos are also described. 
The hydrinos so produced react with .he electrons to form hydrino 
hydjidc ions. Methods to reduce hydrinos to hydrino hydr.de ions 
include, for example, the following: in the electrolytic cell hydride 

1 5 reactor, reduction at the cathode; in the gas cell hydride reactor, chemical 

reduction by a rcactam; in the gas discharge cell hyd.idc reactor, 
reduction by the plasma electrons or by the cathode of the gas discharge 
cell; in the plasma torch hydride reactor, reduction by plasma electrons' 

2 0 2 -i — Ei^Uabgjc_££il_HYdr ide Rea ctor 

An electrolytic cell hydride reactor of the present invention is 
Shown in FIGURE 2. An electric current is passed through an electrolytic 
SGli.tior, IC2 coiii.ii„eu i.< vexxri iui by the application of a voltage. The 
voltage is applied to an anode 104 and cathode 106 by a power 

2 5 controller 108 powered by a power supply 110. The electrolytic solution 

102 contains a catalyst for producing hydrino atoms. 

According to one embodiment of the electrolytic cell hydride 
reactor, cathode 106 is formed of nickel cathode 106 and anode 101 is 
formed of platinized titanium or nickel. The electronic solution 102 
30 comprising an about 0.SM aqueous KXO, electrolytic solution (K /JT 
_ catalyst) is electrolysed. The ceil is operaied within a voltage range of 
1.4 to 3 volts In one embodiment of the invention, the electrolytic 
solution 102 is molten. 

Hydrino atoms form at the cathode 106 via contact of the catalyst 

3 5 of electrolyte 102 with the hydrogen atoms generated at the cathode 

106. The electrolytic cell hydride reactor apparatus further comprises a 
source of electrons in contact will, the hydrinos generated in the cell lo 
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form hydrino hydride ions. The hydrinos arc reduced (i.e. gain Hie 
cleciron) in the electrolytic cell to hydrino hydride ions. Reduction 
occurs by contacting the hydrinos with any of die following: I.) ihc 
cathode 106, 2.) a reductant which comprises ihe cell vessel 10], or 3.) 
any of the reactor's components such as features designated as anode 
104 or electrolyte 102, or A.) a reductant 160 extraneous to the operation 
of the cell (i.e. a consumable reductant added to the cell from an outside 
source). Any of these redtictants may comprise an electron source lor 
reducing hydrinos to hydrino hydride ions. 

A compound may form in the electrolytic cell between the hydrino 
hydride ions and cations. The cations may comprise, for example, an 
oxidized species of the material of the cathode or anode, a cation of on 
added reductant. or a cation of the electrolyte (such as a cation 
comprising the catalyst). 

2,2 Gas Cell Hv drid c Reactor 

According lo another embodiment of the invention, a reactor for 
producing hydrino hydride ions may take ihc form of a hydrogen gas cell 
hydride reactor. A gas cell hydride reactor of the present invention is 
shown in FIGURE 3. Also, the construction and operation of an 
experimental g ns cell hydride reactor shown in FIGURE 4 >s described in 
the Identification of Hydrino Hydride Compounds by Mass Spectroscopy 
v^v.,.w,, V x_*o;> V..OI .>,imi|jh;;, nijm. in tx.uu u'lii, react am nyonnos are 
provided by an elccirocatalytic reaction and/or a disproportionate 
reaction. Catalysis may occur in the gas phase. 

The reactor of FIGURE 3 comprises a reaction vessel 207 having a 
chamber 200 capable of containing a vacuum or pressures greater than 
atmospheric. A source of hydrogen 221 communicating with chamber 
200 delivers hydrogen to the chamber through hydrogen supply passage 
242. A controller 222 is positioned to control the pressure and flow of 
hydrogen into the vessel through hydrogen supply passage 242. A 
pressure sensor 223 monitors pressure in the vessel. A vacuum pump 
256 is used to evacuate the chamber through a vacuum line 257. The 
apparatus further comprises a source of electrons in contact wiih the 
hydrinos to form hydrino hydride ions. 

A catalyst 250 for generating hydrino atoms can be placed in a 
catalyst reservoir 295. The catalyst in the gas phase may comprise the 
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The reacon vc SiC | 207 has a ca.alys, supply |>assagc 24l fo , l|)c 

passage of gaseous catalyst fro,,, lhc catalys( rcscrvoi ,. 295 

reaction chamber 200. Alternately. ,he ca.alys, may be pIaccd „, . 

;:i:r y rcs,s,an ' opcn con « ai ^ - ■ j lion 

vessel 207. as weh as .he catalyst partial pressure, is preferably 
ma.n.a.ned ,„ ,he range 0 f l0 mi „„orr ,o ,00 tor, Mos, preferably ,he 

Molecular hydtogen may be dissoc.a.ed i„ the vessel i„, 0 atomic 
hydrogen by a d.ssoc.at.ng matcrial . ,,, c d)ssoci3ljnfi 
con.pr.se, ,or example, a noble me.a, such as P > Mimm or p , ^ , 
■ 5 rans.uon mcta, such as niefce, and .i..ai„ m . an lnncr tran ' illon ^ 

molybdenum. Ihe d.ssoaanng ma.eiial may be maintained a. an 
eva,ed tempera,.,* by Ihc hca , l)bM 

ydnno 8Cne r a ,io„, and hydrino reduc.ion taking plaw * (1 , ^ 

temperature by , empe „t«e control means 230. which may )akc the 
form of a hea„ng co„ as shown in cross sec.ion ,n FIGURE i The , cl ,i„„ 
t "" "> by a power supply 225. ° 

Molecular hy<bogc„ may be' dissociated into atomic hydro-en by 
2 5 ap p ,cn„o„ of electromagnet, radiation, such as UV p / ov ^ ^ 

phoion souicc 205 K u ,UUI °" a 

Molecular hydrogen may be dissociated into a , 0 ,nic hydrogen by 
a ho, Moment or ,,d 280 powered by power supply 285 

The hydrogen Association occurs such that the dissoc.atcd 
>0 hydrogen atoms contact a cata.vs, which is in a mo „e, , iqwd aseons 
or sohd form to produce hydr.no atoms. The catalyst vapL ^ 

o^-jr^~ co ' ,,ro,,, " h s ,hc ,c ™ : L 
5 - r y 272 ::~r a 2 ^;r,r a 

5 reactor, the caralys, vapor p.cssurc is maintained a, the dest d vn. e , 
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The rate of production of hydrinos by the gas cell hydride reactor 
can be controlled by controlling ibc amount of catalyst in the gas phase 
and/or by controlling the concentration of atomic hydrogen. The rate of 
production of hydrino hydride ions can be controlled by controlling the 
5 concentration of hydrinos. such as by controlling the tale of production of 
hydrinos. The concentration of gaseous catalyst in vessel chamber 200 
may be controlled by controlling the initial amount of the volatile 
catalyst present in the chamber 200. The concentration of gaseous 
catalyst in chamber 200 may also be controlled by controlling the 
10 catalyst temperature, by adjusting the catalyst reservoir heater 298. or 
by adjusting a catalyst boat heater when the catalyst is contained in a 
boat inside the reactor. The vapor pressure of the volatile catalyst 250 
in jhe chamber 200 is determined by (he temperature of the catalyst 
reservoir 295, or the temperature of the catalyst boat, because each is 
I 5 colder than the reactor vessel 207. The reactor vessel 207 temperature 
is maintained at a higher operating lempcratuic than catalyst reservoir 
295 with heat libcraied by the. hydrogen catalysis (hydrino generation) 
and hydrino reduction. The reactor vessel leropeiaiuie may also be 
maintained by a temperature control means, such as healing coil 230 
shown i„ cross sect.on in FIGURE 3. Heating coil 230 is powered by 
power supply 225. The reactor temperature further controls the reaction 
rates such as hydrogen dissociation and catalysis. 

the prcietrcd operating temperature depends, in pari, on the 
nature of the material comprising ihe reactor vessel 207 The 
temperature of a stainless steel alloy reactor vessel 207 is preferably 
maintained a. 200-I200°C. The temperature of a molybdenum reactor 
vessel 207 is preferably maintained at 200-1800 °C. The temperature of 
a tungsten reactor vessel 207 is preferably maintained at 200 3000 "C. 
The temperature of a quartz or ceramic reactor vessel 207 is preferably 
3 0 maintained at 200- 1800 °C. 

Jhe concentration of atomic hydrogen in vessel chamber 200 can 
be controlled by the amount of atomic hydrogen generated by the 
hydrogen dissociation material. The rate of molecular hydrogen 
dissociation is controlled by controlling the surface area, the " 
temperature, and the selection of the dissociation material. The 
concentration of atomic hydrogen may also be controlled by the amount 
ol atomic hydrogen provided by the atomic hydrogen source 280. The 
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concentration of atomic hydrogen can be further controlled by the 
amount of molecular hydrogen supplied from the hydrogen source 221 
controlled by a How controller 222 and a pressure sensoi 223. The 
renciion rale may be monitoied by windowless ultraviolet (UV> emission 
5 spectroscopy to detect ihe intensity of the UV emission due to the 
catalysis and the hydrino hydride ion and compound emissions. 

The gas cell hydride reactor further comprises an electron source 
260 in contact with the generated hydrinos to form hydrino hydride ions. 
In the gas cell hydride reactor of FIGURE 3. hydrinos are reduced to 
I 0 hydrino hydride ions by contacting a reductant comprising the reactor 
vessel 207. Alternatively, hydrinos arc reduced to hydrino hydride ions 
by contact with any of the reactor s components, such as. photon source 
205. caialyst 250. catalyst reservoir 295. catalyst reservoir heater 298, 
hot filament grid 280. pressure sensor 223. hydrogen source 221. flow 

1 5 controller 222. vacuum pump 256. vacuum line 257. catalyst supply 

passage 241, or hydrogen supply passage 212. Hydrinos may also be 
reduced by contact will, a rcdiiciani extraneous to ihc operation of the 
cell (i.e. a consumable leductam added 10 ihc cell from an outside 
source). Electron source 260 is such a reductant. 

2 0 Compounds comprising a hydrino hydride anion and a cation may 

be formed in ihe gas cell. The cation which forms the hydrino hvd.ide 
compound may comprise a cation of the material of the cell, a cation 
comprising ihc moiecuiar hydrogen dissoaauon material wh.ch produces 
atomic hydrogen, a cation comprising an added reductant. or a cation 

2 5 present in the cell (such as the cation of the catalyst). 

In another embodiment of the gas cell hydride reactor, the vessel 
of the reactor is the combustion chamber of an infernal combustion 
engine, rocket engine, or gas lulbinc . A ?aseous ea|a , ys| form$ bvdr|n0J 
from hydrogen atoms produced by pyrolysis of a hydrocarbon during 

3 0 hydrocarbon combustion. A hydrocarbon- or hydrogen-containing fuel 

contains the catalyst. The catalyst is vaporized (becomes gaseous) during 
the combustion. In another embodiment, the catalyst is .-.thermally 
stable salt of rubidium o« potassium such as RbF. RbCf, RbBr. Rbl Rb.S 
RbOtf, Rb,SO,. RbXO,, RbJO,. and KF, KO, KBr, Kt. K 7 S,. KOfl. K y SO„ ' 
3 5 KjCO,. K,ro„K 1 GeF i . Additional cotinlerions of the elcctrocatalytic ion or 
couple include organic anions, such as wetting or emulsifying agents. 
In another embodiment of the invention utilizing a combustion 
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engine lo generate hydrogen atoms, the hydrocntbon- or hydrogen- 
containing fuel further comprises water and a solvaicd source of ca.alysi 
such as emulsified clcctroca.alyiic ions or couples. During pyrolysis, 
water serves as a further source of hydrogen atoms which undergo 
5 catalysis. The water can be dissociated into hydrogen atoms thermally or 
catalyltcally on a surface, such as .he cylinder or p.ston head. The 
surface may comprise material for dissociating water to hydrogen and 
oxygen. The water dissociating material may comprise an element 
compound, alloy, or mixture of transition elements or inner transition 
10 elements, iron, platinum, palladium, zirconium, vanadium, nickel 

titanium. Sc. Cr. Mn, Co. Cu. 2n, Y. Nb. Mo. Tc. Ru. Rh, Ag, Cd La Hf Ta W 
Re. Os. lr. A.,, Hg. Ce. Pr. N,». |> m , Sm. Eu. Gd. Tb. Dy. Ho. Er, Tm, Vb. I.u Tb 
Pa..U. activated charcoal (carbon), o, Cs intercalated carbon (graplntc). 
..In another embodiment of the invention utilizing an en<nnc to 

1 5 generate hydrogen atoms through pyr ol vs is. vaporized catalyst ,s drawn 

from the cata! ys , ie.se, voir 295 through the catalyst supply pa SS n« e 241 
mm vessel chamber 200. The chamber corresponds to the enoi, lc " 
cylinder. This occurs during cach cn „ ine cyt|c Tf , c J f 
250 used per engine cycle may he determined by the vapo, pressure of 

2 0 the catalyst and the gaseous displacemen. volume of the catalyst 

reservoir 295. The vapor pressure of the catalyst may be controlled by 
controllmg the temperature ol the catalyst reservoir 295 wi,h the 
.cse.voi, ircaicr 29o. A source of electrons, such as a hydnno reducing 
reagent ,„ contact with hydnnos. results in the formation of hydrino 

2 5 hydride ions. 

2i_Gj>sJ)LsehaiBe _Cej UJydnd enactor 

A gas discharge cell hydride reactor of the present invention is 
shown in FIGURI: 5. and an experimental gas discharge cell hydride 
.,0 reactor is show,, ,„ FIGURE 6. The construction and operation of the 
experimental gas discharge cell hydride reactor shown in FIGURE 6 is 
described i„ ,| lc Identification of Hydnuo Hydride Compounds by Mass 
Spectroscopy Section (Discharge Cell Sample), infra. 

The gas discharge cell hydride reactor of FIGURE 5, includes a °as 

3 5 discharge cell 307 comprising a hydrogen isotope gas-filled o, ow * 

discharge vacuum vessel 313 having a chamber 300. A hyd'rogen source 
322 supplies hydrogen to the chamber 300 through control valve 325 via 
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a hydrogen supply passage 342. A catalyst fo, generating hydrinos. such 
as .he compounds described in Mills Prior Publications (e.g. TABLE 4 of 
PCT/US9Q/01998 and pages 25-46. 80-108 of PCT/US94/022 19) is 
contained in catalyst reservoir 395. A voltage and current source 330 
5 causes current to pass between a cathode 305 and an anode 320. The 
current may be reversible. 

la one embodiment of the gas discbarge cell hydride reactor the 
wall of vessel 3,3 is conducting and serves as the anode. j„ another 
embodimem. the cathode 305 is hollow such as a hollow, nickel 
10 aluminum, coppei. or stainless steel hollow cathode. 

The cathode 305 may be coated with the catalyst for generating 
hydrinos. The ca.alys.s to form hydrinos occurs on the cathode surface 
lo.fo.m hydrogen atoms for generation of hydrinos. molecular hydrogen 
is dissociated on the cathode To tins end. the cathode is formed of a 

1 5 hydrogen d.ssoc.a.ivc material. Alternatively, the molecular hvdro-cn is 

dissociated by the discharge. ' " 

According l0 anolhe , cmbodimciH |hc i|lvemjon „ )c ca|a f<>| 
generating hydrinos is in gaseous form. For example, the dischw-e may 
be t.t.hted lo vnpo.izc the catalyst to prov.de a eascous catalyst " 

2 0 Alternatively, the gaseous catalyst is produced by the discharge current 

bo, example, the gaseous catalyst may be provided by a discharge in 
potassium metal , 0 form K' I K' , rubidium metal lo form Kb', cn titanium 
mela. io ,\..m Tr The gaseous hydrogen atoms tor reaction with Ihe 
gaseous ca,al yst >rc pn)vidc(1 by a <)f moIecu|af Uy(ilQgcn gas 

2 5 such that the catalysis occuis in the gas phase. 

Another embodiment of the gas discharge cell hydride reactor 
where catalysis occurs in the gas phase utilizes a controllable gaseous 
catalyst. Ihe gaseous hydrogen atoms for conversion to hydrinos arc 
provided by a discharge of molecular hydrocen gas The »as 

3 0 discharge cell 307 has n catalyst supply passage 34. for the passaoe 

of the gaseous catalyst 350 from catalyst reservoir 39S to the 
reaction chamber 300. The catalyst reservoir 395 is heated by a 
catalyst rese.voir heater 392 having a power supply 372 to provide 
the gaseous catalyst to the reaction chamber 300. The catalyst vapor 
3 5 pressure is controlled by controlling the temperature of the catalyst 
resetvon 395. by adjusting the heater 392 by means of its power 
supply 372. The reactor further comprises a selective venting valve 
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301 . 

In another embodiment of the gas discharge cell hydride reactor 
where catalysis occurs in the gas phase utilizes a controllable gaseous 
catalyst. Gaseous hydrogen atoms provided by a discharge of molecular 
5 hydrogen gas. A chemically resistant (docs not react or degrade during 
the operation of the reactor) open container, such as a tungsten or 
ceramic boat, positioned inside the gas discharge cell contains the 
catalyst. The catalyst in the catalyst boat is heated with a boat heater 
using by means of an associated power supply to provide the gaseous 
1 0 catalyst to the reaction chamber. Alternatively, the glow gas discharge 
cell is operated at an elevated temperature such that the catalyst in the 
boat is sublimed, boded, or volatilized into the gas phase. The catalyst 
vapoi pressure is controlled by controlling the temperature of the boat 
or the discharge cell by adjusting the -heater with its power supply. 

1 5 'Hie a as discharge cell may be operated ai room temperature by 

continuously supplying catalyst. Alternatively, to prevent the catalyst 
from condensing in the cell, the temperature is maintained above the 
temperature of the catalyst source, catalyst reservoir 395 or catalyst 
boat. For example, ihe temperature of a stainless steel alloy cell is O 

2 0 l2(XrC. the temperature of a molybdenum cell is 0-1800 D C; the 

temperature of a tungsten cell is 0-3000 Q C; and the temperature of a 
glass, quart/, or ceramic cell is 0-1800 °C\ The discharge voltage may be 
in the range oi iOOO to .>0,000 voiis. I he current may be in the range of 
I fiA to I A, preferably about I mA 

2 5 Fbe gas discharge cell apparatus includes an electron source in 

contact with the hydrinos, in order to generate hydrino hydride ions. 
The hydrinos are reduced to hydrino hydride ions by contact with 
cathode 303. with plasma electrons of the discharge, or with the vessel 
313. Also, hydrinos may be reduced by contact with any of the reactor 

3 0 components, such as anode 320, catalyst 350, heater 392, catalyst 

reservoir 395, selective venting valve 301, control valve 325, hydrogen 
souice 322. hydrogen supply passage 342 or catalyst supply passage 
34 i. According to yet another variation, hydrinos are reduced by a 
icductani 360 extraneous to the operation of the cell (e.g. a consumable 
3 5 reductant added to the cell from an outside source). 

Compounds comprising a hydrino hydride anion and a cation may 
be formed in the gas discharge cell. The cation which forms the hydrino 
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hydr,«lc compound may comprise Da oxidized species of .he material 
composing .he cathode or «hc anode, a cation of a „ added reductan. or a 
canon picscnl ,„ ihe cell (such as a cation of (he catalyst). 

In one. embodiment of the gas discharge cell apparatus, potassium 
or rubidium hydtino hydride is prepared in lhc gas di$ctaf cc „ m 
The catalyst .eseivoir 395 contains Kl or Hb) catalyst. The catalyst 
vapo, pressure in the gas discharge cell is controlled by heater 392 The 
catalyst reservoir 395 is heated with the heater 392 to maintain the 
catalyst vapor pressure proximal to the cathode 305 preferably in the 
prcssme range 10 milliter to 100 tor,, mo.e preferably at about 200 
mioir. In another embodiment. ,hc cathode 305 and ihe anode 320 of 
"he gas discharge cell 307 are coated with Kl or KM catalyst The 
catalyst is vaporized during the operation of the cell. The hydio-cn 
supply from sou.ee 322 is adjusted with control 325 to supply hydrogen 
and mnmtain the hydrogen press..,* in the 10 millitorr to 100 torr range 

In one embodiment of the g 3S d , sch;lf „ c cc „ hydfidc 
apparatus, catalysis occurs ... a hydroaen gas discharge cell usin» a 
catalysi with a net enthalpy of about 27.2 electron volts. The cn.alys. 
(e.g. potassium ions) is vaporized by .he discharge. The discharge also 
produces react.™ hydrogen atoms. Catalysis usins potassium ions 
results m the emission of extreme ultraviolet <UV> photons. In addition 
.o the nansmon j^-.. >w [^j + „, A ^ di$propoujona , ion 

-xaction de.SC.ited in the Disproportionate of Cne.gy States Section of 
PC.T/US96/07949 causes additional emission of extreme UV a. 912/1 ami 
304-4. bxtreme UV photons ionize hydrogen resulting in the emission of 
the normal spectrum of hydrogen which mcludes vis.ble light Thus the 
extreme UV ermssion from the catalysis is observnblc indirectly as ' 
indicated by the conversion of the extreme UV , 0 visible waveleno.hs 
A. the same time, hydrinos reac. with electrons ,o form hydrino hydride 
tons having ,| lc continuum absorption and emission lines given in TABLE 
!. i»pra. These lines are observable by emission spectroscopy which 
.dent.fy ca „i ysis aiK) increascd Wodjn8 energy hvd ogcn compounds 

^J!l3£™Jl^cJ^ 

A plasma torch cell hydride reactor of the present invention is 
shown m FIGURE 7. A plasma torch 702 provides a hydrogen isotope 
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plasma 70d enclosed by a manifold 706. Hydrogen from hydrogen 
supply 738 and plasma gas from plasma gas supply 712. along with a 
catalyst 714 for fanning hydrinos, is supplied to torch 702. The plasma 
may comprise argon, for example. The catalyst may comprise any of the 
5 compounds described in Mills Piior Publications (e.g. TABLE A of 

PCT/US90/0I998 and pages 25-46, 80-108 of PCT/US94/022 19). The 
catalyst is contained in a catalyst reservoir 716. The reseivoir is 
equipped with a mechanical agitator, such as a magnetic stirring bar 718 
driven by magnetic stirring bar motor 720. The catalyst is supplied to 
] 0 plasma torch 702 through passage 728. 

Hydrogen is supplied to the torch 702 by a hydrogen passage 726. 
Alternatively, both hydrogen and catalyst may be supplied through 
passage 728. The plasma gas is supplied to the torch by a plasma gas 
passage 726. Alternatively, both plasma gas and catalyst may be 

1 5 supplied through passage 728. 

Hydrogen flows from hydrogen supply 738 to a catalyst reservoir 
716 via passage 742. The flow of hydrogen is controlled by hydrogen 
flow controller 744 and valve 746. Plasma gas flows from the plasma 
gas supply 712 via passage 732. The flow of plasma gas is controlled by 

2 0 plasma gas flow controller 734 and valve 736. A mixture of plasma gas 

and hydrogen is supplied to the torch via passage 726 and to the catalyst 
icservoir 716 via passage 725. The mixture is controlled by hydrogen- 
piasma-gas mixer ami mixture now regulator 7/1. The hydrogen and 
plasma gas mixture serves as a carrier gas for catalyst particles which 

2 5 arc dispersed into the gas stream as line particles by mechanical 

agitation. The aerosolized catalyst and hydrogen gas of the mixture flow 
into the plasma torch 702 and become gaseous hydrogen atoms and 
vaporized catalyst ions (such as /T ions from Kl) in the plasma 704. The 
plasma js powcied by a microwave generator 724 wherein the 

3 0 microwaves are tuned by a tunable microwave cavity 722. Catalvsis 

occurs in the gas phase. 

The amount of gaseous catalyst in the plasma torch is controlled by 
controlling the rate thai catalyst is aerosolized with the mechanical 
agitator. The amount of gaseous catalyst is also controlled by controlling 
3 5 the canier gas flow rate where the carrier gas includes a hydrogen and 
plasma gas mixture (e.g.. hydrogen and argon). The amount of gaseous 
hydrogen atoms to the plasma torch is controlled by controlling the 
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hydrogen Dow rale ami the ratio of hydrogen to plasma gas in the 
mixture. The hydrogen How rale and ihe plasma gas flow rale to ihc 
hydrogen-plasma-gas mixer and inixiurc How regulator 721 are 
controlled by flow rate controllers 734 and 744, and by valves 736 and 
5 746. Mixer regulator 77.1 controls the hydrogen-plasma mixture to ihe 
torch and the catalyst reservoir. The catalysis rale is also controlled by 
controlling the temperature of the plasma with microwave generator 
724. 

Hydiino atoms and hydrino hydride ions arc produced in the 
1 0 plasma 704. Hydrino hydride compounds are cryopumped onto the 
manifold 706, or ihey How into hydrino hydride compound trap 708 
through passage 748. Trap 708 communicates with vacuum pump 710 
thiouah vacuum line 750 and valve 752. A How to the trap 708 is 
effected by a pressure gradient controlled by the vacuum pump 710, 

1 5 vacuum line 750, and vacuum valve 752. 

In another embodiment of the plasma torch cell hydride reactor 
shown i,i FIGURE 8, at least one of plasma torch 802 or manifold 806 has 
a catalyst supply passage 856 for passage of the gaseous catalyst from a 
catalyst reservoir 858 to the plasma 804. The catalyst in the catalyst 

2 0 reservoir 858 is heated by a catalyst reservoir heater 866 having a 

power supply 868 to provide the gaseous catalyst to the plasma 804. 
The catalyst vapor pressure js controlled by controlling the temperature 
of ihc emaiysi reservoir 858 by adjusting the heater K66 with its power 
supply 868. The remaining elements of FIGURE 8 have the same 

2 5 structure and function of the corresponding elements of FIGURE 7. In 

other words, element 812 of FIGURE 8 is a plasma gas supply 
corresponding to the plasma gas supply 712 of FIGURE 7, element 838 of 
FIGURE 8 is a hydrogen supply corresponding to hydrogen supply 738 of 
FIGURE 7 % and so forth. 
30 ln another embodiment of the plasma torch cell hydride reactor, a 

chemically resistant open container such. as a ceramic boat located inside 
the manifold contains the catalyst. The plasma torch manifold forms a 
cell which is operated at an elevated temperature such that the catalyst 
in the boat j$ sublimed, boiled, or volatilized into the gas phase. 

3 5 Alternatively, the catalyst in the catalyst boat is heated with a boat 

heater having ;\ powcr supply to provide the gaseous catalyst to the 
plasma. The catalyst vapor pressure is controlled by controlling the 
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lemperaiort of ihc eel) with a cell healer, or by coniroll.no lhc 
lempemiurc of ihe boat by adjusting the boo. heater wi.lT a „ associated 
power supply. 

The plasma temperature in .he plasma torch cell hydride reactor is 
advantageously maintained in the range of 5.O00-3O.O0O 'C The cell 
may be operated a, room temperature by continuously supplying 
catalyst. Alternatively. , 0 prevent the catalyst from condensing in the 
cell, the celt temperature is maintained above that of the catalyst source 

catalyst reservoir 758 or catalvsi hnai n.- „ ' 
r caia, ysi boat. Ihc operating temperature 

depends. ,n part, on the nature of the material comprising thc ce „ Thc 
temperature for a stainless steel alloy cell is preferably 0-1 200V The 
temperature for a molybdenum cell is preferably 01800 X The 
temperature for a tungsten cell is preferably 0-3000 »C IV 
temperature for a glass, quart,., or ceramic eell is preferably ~0- 1800 »C 
Where the manifold 706 is open to the atmosphere. ,„ c ceil pressure is 
atmospheric. 

An exemplary plasma gas for the plasma torch hydride teac.or is 
argon Exemplary aerosol How rates are 0.8 standard hters per minute 
(slm) hydrogen and 0 ,5 s.m argon. An exemplary argon plasma flow 
rate >s 5 slm. An exemplary forward input power ,s 1000 W and an 
exemplary reflected power is 10-20 W. 

lu other embodiment, of the pl 3Srna l0 ,ch hydride reactor the 
«*«,«»«„ cataiyst agitator <magnet,c s.rrr.ng bar 718 and mao„ eli c 
M.r.mg bar motor 720) is replaced with an aspirator, atomic, or 
nebulizer to form an aerosol of the catalyst 714 dissolved or suspended 
>n a lu,u,d medium such as water. The medium is contained in the 
catalyst reservoir 716. Or. the aspirator, atomizer, o, nebulizer injects 
the catalyst directly mto the plasma 70-1. The nebulized or atomized 
catalyst ts carried into the plasma 704 by a carrier gas : such as hydrogen 

The plasma torch hydride reactor further includes an elec.ron 
source ,„ contact with -the hydr.nos. for generating hydrino hydride ,ons 
In the plasma torch cell. Ihc hvUri nos are reduced to hydr.no hydr.de 
tons by contacting J.) the manifold 706. 2.) plasma electrons, o, 4) any of 
the reactor components such as p]asma torch 702. eatalys, 5Upp(y 
passage 756. or catalyst reservoir 758. or 5) a reduc.an, extraneous to 
he opcrat.on of the cell (e.g. a consumable reduc.an, added to the eel) 
from an outside source). 
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Compounds comprising a hytlrino hydride anion and a cation may 
be formed in the gas cell. The cation which forms the hydrino hydride 
compound may compiisc a caiion of an oxidized species of il,c material 
forming the .ore), or the manifold, a cation of an .added reductant, or a 
5 caiion present in the plasma (such as a cation of the catalyst). 

3. PURIFICATION Of INCREASED BINDING ENERGY HYDROGEN 
COMPOUNDS 

Increased binding energy hydrogen compounds formed in the 
10 hydride reactor may be isolated and purified from the catalyst remaining 
in the reactor followmg operation. In the case of the electrolytic cell, gas" 
cell, gas discharge cell, and plasma torch cell hydride reactors, increased 
binding energy hydrogen compounds a,c obtained by physical collection, 
precipitation and rccrystallization. or ccntrifugaiion. The increased 
15 binding energy hydrogen compounds may be further purified by the 
methods described hereafter. 

A method to isolate and purify the increased binding energy 
hydrogen compounds is described as follows. In die case of the 
electrolytic cell hydride reactor, water is removed from the electrolyte 
2 0 by cvaporat.on. to obtain a solid mixture The catalyst containing the 

increased binding energy hydrogen compound is suspended in a°suilable 
solvent, such as water, which preferentially dissolves .he catalyst hut not 
ihe incrcasca binding energy hydrogen compound. The solvent is 
filtered, and the insoluble increased binding energy hydroccn compound 

2 5 crystals are collected. 

According to an alternative method for isolating and purifying the 
increased binding energy hydrogen compounds, the remaining catalyst is 
dissolved and the increased btnding energy hydrogen compounds are 
suspended in a suitable solvent which preferentially dissolves the 

3 0 catalyst but not the increased binding energy hydrogen compounds. The 

increased -binding energy hydrogen compound crystals are then allowed 
to grow on the surfaces or the cell. The solvent ,s then ponied off and 
the increased binding energy hydrogen compound crystals arc collected. 
Increased binding energy hydrogen compounds may also be 
3 5 purified from the catalyst, such as a potassium salt catalyst for example, 
by a process which uses different caiion exchanges of the catalyst or 
increased binding energy hydrogen compounds, or anion exchanges of 
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the catalyst. The exchanges change the difference in solubility of the 
increased binding energy hydrogen compounds relative to [he catalyst or 
othej ions present. Alternatively, the increased binding energy 
hydrogen compounds may be precipitated and recrystalliwd. exploiting 
differential solubility in solvents such as organic solvents and organic 
solvent/aqueous mixtures. Yci another method of isolating and purifying 
the increased binding energy hydrogen compounds from the catalyst is 
to utilize thin layer, gas. or liquid chromatography, such as m«h pressure 
liquid chromatography (HPLC). 

Increased binding energy hydrogen compounds may also be 
purified by distillation, sublimation, or cryopumping such as under 
reduced pressure, such as 10 f uorr to 1 torr. The mixture of compounds 
is placed in a heated vessel containing a vacuum and possessing a 
oyoirap. The cryotrap may comprise a cold fingei or a section of the 
1 f> vessel having a temperature gradient. The mixture is heated. Depending 
on the relative volatilities of the component of the mixture, the 
increased binding energy hydrogen compounds arc collected ns the 
sublimate or the residue. If die increased binding energy hydrogen 
compounds arc more volatile than the other components of the mixture. 
20 then ihey are collected in the cryotrap If the increased binding energy 
hydrogen compounds are less volaiile. the other mixture components "are 
collected in the cryotrap. and the increased binding energy hydrogen 
compounds are corrected as the residue 

One such method to purify increased binding energy hydrogen 
compounds from a catalyst such as a potassium salt comprises distillation 
or sublimation. The catalyst, such as a potassium salt, is distilled off or 
sublimed and the residual increased binding energy hydrogen compound 
crystals remains. Accordingly, the product of th c hydride reactor is 
dissolved in a solvent such as water, and the solution is filtered to 
3 0 remove particulates and or contaminants. The anion of the catnlyst is 
then exchanged to increase the difference in die boiling points of 
increased binding energy hydrogen compounds versus the catalyst. For 
example, nitrate may be exchanged for carbonate or iodide to reduce the 
boiling point of the catalyst. In the case of a carbonate catalyst anion, 
3 5 nitrate may replace carbonate with the addition of nitric acid. In the 
case of an iodide catalyst anion, nitrate may replace iodide with the 
oxidation of the iodide to iodine will, H t 0 2 and nitric acid to yield the 
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nitrate. Nitrite replaces .he iodide ion with .he addition of nitric acid 
only. !.. .he final step of .he method, the convened catalyst salt is 
sabl.fl.ed and .he res.dua. increased b.nding energy hyd.ogen compound 
crystals arc collccied. 

Another embodiment of the method to purify increased bindin<> 
energy hyd.ogen compounds from a catalyst, such as a potassium sal,' 
compnscs d.s.il lotion, sublimation, or cryop»mpi„« wherein .he 
■ ncreased binding energy hydrogen compounds have a higher vapor 
pressure than the catalyst. Increased binding energy hydro-cn 
compound crystals are the distillate or sublimate which is collected The 
separation .s .ncreased by exchanging .he anion of the ca.alys, to 
increase us boiling point. 

. In another embodiment of the increased binding energy hydrogen 
compound .sola.ion method, substitution of the catalyst anion is 
employed such ,ha, ,l,e resulting compound has a low mel.ino pom. A 
mature comprising .ncreased binding energy hydrogen compounds is 
melted. Ihc mcicascd binding energy hyd.ogen compounds are 
insoluble ,„ ,h c mel, a „<. ,„„s precipitates from .he melt. The meltin- is 
conduced under vacuum such ,ha. .he amonexchanged catalyst product 
such as potassium ni.ra.c partially sublimes. The mixture comprise 
.ncreased binding energy hydrogen compound precipitate is dissolved in 
a minimum volume of a sui.ablc solvent such as water which 
p.efc,em,aiiy dissolves .he ca.aiys, but no, the .ncreased binding energy 
hydrogen compound crystals. Or. .ncreased binding energy hydrogen ' 
compounds a,e precipitated from a dissolved mixture. The mixture is 
then filtered to obtain increased binding energy hydrogen compound 
crystals. ' 

One approach to purifying increased bindina energy hydrogen 
compounds comprises precipitation and rccys.alliza.ion. |„ one "such 
method, increased binding energy hydrogen compounds are 
recrystall.zed from an iodide solution containing increased bindin* 
energy hydrogen compounds and one or more of potassium, lithium or 
sodium iodide which will n0 , precipitate until .he concentration is 
greater than about 10 M. Thus, increased bindin S enerey hydrogen 

soZrt PrCfCfC " ,ia,, > P- C 'P i,aICd - »« '*« c« of a carbonate 

o u ,on. the ,od,de can be formed by neutralization with hydro iodic acid 
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According to one such embodimcnl to purify increased bindino 
energy hydrogen compounds from a potassium iodide catalyst the Kl 
catalyst is rinsed f rom , hc gas cell, gas discharge cell or plasma torch 
hydr.de react* and filtered. The concentration of the filtrate is then 
5 adjusted to approximately 5 M by addition of water or by concentration 
m evaporation. Increased binding energy hydrogen compound crystals 
are permitted to form on standing. Thc p rccipitatc is ||)en fj|(crc(j Jn 
one embod.ment. increased binding energy hydroge „ compo „ m)s ;uc 
precpt.ated from an acidrc solution (e.g. the pll range 6 to 1) by addition 

10 of an acd such as nitric, hydrochloric, hydro iodic, or sulfuric acid. 

In an alternative method of purification, increased binding energy 
hydrogen compounds are precipitated from an aqueous mixture" bv 
addjt.on of a co-precipitating anion, cation or compound. Por example a 
soluble sulfate, phosphate, or nitrate compound is added to cause the" 

15 mcreased b.nding energy hydrogen compounds to preferentially 

precprtate Increased binding energy hydrogen compounds are isolated 
from the electrolyte of a K.CO, electrolytic cell by the following steps 
KXO. electrolyte f.om the elec.rolyt.c cell is made approximately 1 M j„ 
a canon that precipitates hydrino hydride ion or increased bindino 

2 0 energy hydrogen compounds, such as the cation provided by UNO,. 

NnNO, , or Mg(NO,) r ]„ addition or alternatively. ,he electrolyte may be 
acidified win, »„ acill such as m0y T „ e . $ ^ concen(i .. i|cff 

um.i a precpna.e ,s formed. The solution is ni.ered to obtain the 
crystals. Alternatively, the solution ,s allowed to evaporate on a 

2 5 crystallization dish so that increased binding, energy hydrogen 

compounds crystallize separately from the other compounds. In this 
case, thc crystals are separated physically. 

The increased binding energy hydrogen species can bond to a 
canon with unpaired e.econs such as a transition or rare earth cation to 

3 0 form a pararnagnet.c or ferromagnetic compound. In one separate 

embod.ment. the increased binding energy hydrogen compounds are 
separated from unpuri.ics. by magnetic separation in c.ystallinc form by 
sif.mo ,„ c I)m(uie ovef a ma?[le( (cg an clcc , roino „ nc() Jhe iBCreased 

binding energy hydrogen compounds adhere to thc magnet The crystals 
3 5 nre then removed mechanically, or by rinsing. In the latter case the 
r.nse l.qu.d , s rc „, 0 ved by evaporation. In the case of electromagnetic 
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scparat.on. Ihe electromagnet is inactivated and the increased binding 
energy hydrogen compound crystals are collected. 

In ahernauve separation embodiment, ihe increased binding 
energy hydrogen compounds arc scpaiaicd from impurities, by 
5 electrosta.ic scparat.on in crystalline form by sifting the mixture over a 
charged collector (e.g., a capacitor plate). The increased binding energy 
hydrogen compounds adhere to the collector. The crystals are then 
removed mechanically, or by rinsing. In (he latter case, .he rinse liquid 
is removed by evaporation. In the case of electrostatic separation, the 
10 charged collector is inactivated and the increased binding energy 
hydrogen compound crystals are collected. 

The increased binding energy hydrogen compounds are 
substantially pure as isolated and purified by the exemplary methods 
g.ven herein. That is, the isolated material comprises greatei than 50 

1 5 atomic percent of said compound. 

The cation of the isolated hydrino hydride ion may be replaced by 
a different desired cation (e.g. r replaced by U ) by reaction upon 
heating and concentrating the solution containing ,|, e desired cation or 
via ion exchange chromatography. 

2 0 Methods of purification to remove canons and anions to obtain the 

des.red increased binding energy hydrogen compounds include those 
given by Bailor ICamprchensivc i^r nn ^ Qj'Unh'SX. Editorial Board J. C. 
Baiiar, ii. j. h me | CU s, R. Nyholm. A. F. frotman- Dickenson. Pergamon 
Press) including pp. 528-529 which are incorporated here,,, by reference 



25 



The selcciivity of hydrino atoms and hydride ions to form bonds 
with specific isotopes based on a differential in bond energy provides a 
means to pnrify desired isotopes of elements. The term isotope as used 

3 0 herc.n refers to any isotope given in the CRC which is herein 

incorporated by reference |R. C. Weast. Editor. CRC Han dlmnk „f 
^^iaiv^LRiv^ics, 58th Edition. CRC Press. (1977). pp.. B-270-B- 
354). Differential bond energy can arise from a difference in the nuclear 
moments of the isotopes, and w.ih a sufficient difference they can be 

35 separated. 

A method of separating isotopes of an element comprises: I.) 
reactmg an increased bmd.ng energy hydrogen species with an elemental 
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isoiopic mixture comprising n molar excess of a desired isoiope with 
respect u> (he increased binding energy hydrogen species to form a 
compound enriched in the desired isotope and comprising at least one 
increased binding energy hydrogen species, and 2.) purifying said 
5 compound enriched in the desired isoiope. A method of separating 
isotopes of an element present in one more compounds comprises: !.) 
reacting an increased binding energy hydrogen species with compounds 
comprising an isotopic mixture which comprises a molar excess of a 
desiied isotope wi;h respect to the increased binding energy hydrogen 
I 0 species to form a compound enriched in the desired isotope and 

comprising at least one increased binding energy hydrogen species, and 
2.) purifying said compound enriched in the desired isotope. Sources of 
rcactant increased binding energy hydrogen species include the 
electrolytic cell, gas cell, gas discharge cell, and plasma torch cell hydrino 

1 5 hydride reactors of the picscnt invention and increased binding energy 

hydrogen compounds. The increased binding energy hydrogen species 
may be an increased binding energy hydride ion. The compound 
comprising at least one increased binding energy hydrogen species and 
the desired isotopically enriched element is purified by ihe methods 

2 0 given herein to purify compounds containing rncreased binding energy 

hydrogen species. The purified compound may be further reacted to 
form a different isotopically enriched compound or element by a 
decomposition reaction such as a plasma discharge or plasma torch 
reaction or displacement reaction of the increased binding energy 

2 5 hydrogen species. The steps of reaction and purification such as those 

used by persons skilled in the art may be repeated as many times as 
necessary to obtain the desired purity of the desired isotopically 
enriched element or compound. 

For example, a hydrino hydride gas eel! is operated with a Kl 

3 0 catalyst. The increased binding energy hydrogen compound forms 

with essentially no ll KH m formed (« is an integer). The mixture of 
catalyst and »KH m may be dissolved in water, and »KH m may be allowed 
to precipitate to yield a compound which is isotopically enriched in }9 K 

Another method of separating isotopes of an element comprises: I.) 
3 5 reacting an increased binding energy hydrogen species with an elemental 
isotopic mixture comprising a molar excess of an undesircd isotope(s) with 
respect to the increased binding energy hydrogen species to form a 
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compound(s) enriched in ihc undesired isotopc(s) and comprising at least 
one increased binding energy hydrogen species, and 2.) removing said 
compound^) enriched in the undesired isotope(s). Another method of 
separating isotopes of an element present in one more compounds 
5 comprises: I.) reacting an increased binding energy hydrogen species with 
compounds comprising an isotopic mixture which comprises a molar excess 
of an undesired isoiope(s) with respect to the increased binding energy 
hydrogen species to form a compound(s) enriched in the undesired 
isoiope(s) and comprising at least one increased binding energy hydrogen 
I 0 species, and 2.) removing said compound(s) enriched in the undesired 

isotope(s). Sources of reacianl increased binding energy hydrogen species 
include the electrolytic cell, gas cell, gas discharge ceil, and plasma torch 
cell hydrino hydride reactors of the present invention and increased 
binding energy hydrogen compounds. The increased binding energy 

1 5 hydrogen species may be an increased binding energy hydride ion. The 

compound(s) isotopically enriched in the undesired isotope(s) and 
comprising at least one increased binding energy hydrogen species is 
removed from the reaction mixture by the methods given herein to purify 
compounds containing increased binding energy hydrogen species. 

2 0 Alternatively, a compound isotopically enriched in the desired isotope and 

not comprising at least one increased binding energy hydrogen species is 
purified from the reaction product mixture. The purified compound 
isoiopicaiiy enriched in the desired isotope may be further reacted io form 
a different isotopically enriched compound or element by a decomposition 

2 5 or displacement reaction. The steps of reaction and purification such as 

those used by persons skilled in the art may be repeated as many times as 
necessary to obtain the desired purity of the desired isotopically enriched 
clement or compound. 

For example, a hydrino hydride gas cell is operated with a Kl 

3 0 catalyst. Ihc increased binding energy hydrogen compound *KH m forms 

with essentially no formed (« is an integer). The mixture of 

catalyst and »KH m may be dissolved in water, and »KH m may be allowed 
to precipitate to yield a compound in solution which is isotopically 
enriched in 4t K. 

3 5 Differential bond energy can arise from a difference in the nuclear 

moments of the isotopes, and with a sufficient difference they can be 
separated. This mechanism can be enhanced at lower temperatures. 
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Thus, separation can be enhanced by forming the increased binding 
energy compounds and performing the separation at lower temperature. 

5. IDENTIFICA TION OF INCREASED BINDING ENER GY HYDROGEN 
5 COM POUNDS 

The increased binding energy hydrogen compounds may be 
identified by a variety of methods such as: I.) elemental analysis. 2.) 
solubility, 3.) reactivity. 4.) melting point. 5.) boiling point, 6.) vapor 
pressure as a function of temperature, 7.) refractive index, 8.) X-ray 

10 photoelectron spectroscopy (XPS), 9.) gas chromatography, 10.) X-ray 
diffraction (XRD)„ 11.) calorirnetry, 12.) infrared spectroscopy (1R). 13.) 
Raman spectroscopy, M.) Mossbauer spectroscopy, 15.) extreme 
ultraviolet (EUV) emission and absorption spectroscopy. 16.) ultraviolet 
(UV) emission and absorption spectroscopy, 17.) visible emission and 

15 absorption spectroscopy, 18.) nuclear magnetic resonance spectroscopy, 
19.) gas phase mass spectroscopy of a heated sample (solid probe 
quadrapole and magnetic sector mass spectroscopy). 20.) time-of- flight- 
secondary-ion -mass-specuoscopy (TOFS1MS). 21.) clcetrospray- 
ionization -time of- flight-mass- spectroscopy (ES1TOFMS). 22.) 

2 0 ihermogravimctric analysis (TGA), 23.) differential thermal analysis 
(DTA). and 24.) differential scannmg calorirnetry (DSC). 

XPS dispositively identifies each increased binding energy 
hydrogen species o\ a eompound by its characteristic binding energy. 
High resolution mass spectroscopy such as TOFSIMS and 6SITOEMS 

2 5 provides absolute identification of an increased binding energy hydrogen 

compound based on its unique high, resolution mass. The XRD pattern of 
each hydrino hydride compound is unique and provides for its absolute 
identification. Ultraviolet (UV) and visible emission spectroscopy of 
excited increased binding energy hydrogen compounds uniquely identify 

3 0 them by the presence of characteristic hydrino hydride ion continuum 

lines and/or characteristic emission lines of increased binding energy 
hydrogen species of each compound. Spectroscopic identification of 
increased binding energy hydrogen compounds is obtained by 
performing extreme ultraviolet (EUV) and ultraviolet (UV) emission 
3 5 spectroscopy and mass spectroscopy of volatilized purified crystals. The 
excited emission of increased binding energy hydrogen compounds is 
observed wherein the source of excitation is a plasma discbaige, and the 
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mass spectrum is recorded with an on-line mass speorometer to identify 
volatilized compounds. An in situ method to spcciroscopicaily identify 
the catalysis of hydrogen to form hydrinos and to identify hydrino 
hydride ions and increased binding energy hydrogen compounds is on- 
line EUV and UV spectroscopy and a mass spectroscopy of a hydrino 
hydride reactor of the present invention. The emission spectrum of ihc 
catalysis of hydrogen and the emission due to formation and excitation of 
hydrino hydiide compounds is recorded. 

Increased binding energy hydrogen compounds were disposilively 
identified by the disclosed methods as given in the EXPERIMENTAL 
Section. 



k-QLH YDRINO 

The theoretical introduction to dihydrinos i.s provided in the '96 
15 Mills GUT. Two hydrino atoms ttffft] may react to form a diatomic 

P 



2 0 E,\H\ 



i/j-'' j may reac 
molecule icferted to as a dihydrino H'^2i 

where p an integer. The dihydiino co/nprises a hydrogen molecule 
having a total energy, J?,(//;| 2c' = ~— 0 -J), 



(23) 



p 



V I 
= -I3.6rV 



(24) 



where 7c is the iniernucicar distance and a u is the Bohr radius. Thus, 
the relative internuclcar distances (sizes) of dihydrinos are fractional. 
Without considering the correction due to zero order vibration, the bond 



dissociation energy, £ t 



j>iven by me difference between 



2 5 the energy of two hydrino atoms each given by the negative of Eq. (I) 
and the total energy of the dihydrino molecule given by Eq. (2-1). (The 
bond dissociation energy is defined as the energy required to break the 
bond). 



'{ 'I 



p J 



- 13.6 eV(-V In3 f p* + 2p 7 In3) 



(26) 



WO 99/05735 



PCTOIS98/M029 



6 5 



1 0 



The fit si binding energy, /?£,, of the dihydrino molecular ion with 
consideration of ^ero order vibration is about 



(27) 



where p is an integer greater than I, preferably from 2 to 200. Without 
considering the correction due to ?.cro order vibration, the bond 

7a 



dissociation energy, E D 



is the difference between the 



negative of Ihc bindrng energy of ihc corresponding hydrino atom given 

la 



by Eq. (J) and E t 



//, 2c- 



2c = 



given by Eq. (26). 



The first binding energy. /i£ t , of ihc dihydrino molecule 

l_> //I 2c r- — 



I 

is given by Eq. (26) minus iiq. (24) 



(28) 



(29) 



(30) 



The second binding encigy, lit:,, is given by the negative of Eq. (26). The 
f;rs: b;r.;!ir»g encigy, si-,, u> iin; oiiiytiiinu moiecuie with consideration of 
z.cro order vibration is about 



(31) 



where p is an integer greater than i, preferably from 2 to 200. The 
dihydrino and the dihydrino ion arc further described in the '96 Mills 

2 0 GUT, and PCT/US9 6/0794 9 and PCT/US/94/02219. 

The dihydrino molecule reacts wiili a dihydrino molecular Hon to 
form a hydrino atom H(\i p) and an increased binding energy molecular 
ion //;{!//;) comprising three protons (three nuclei ol atomic number 
one) and two electrons wherein the integer /> corresponds to that of the 

2 5 hydrino, the dihydrino molecule, and the dihydrino molecular ion. The 
molecular ion //;(!//>) is hereafter rcfeired to ns the "trihydrino 
molecular ion". The reaction is 
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P 







"f'^ j'"'[ 2 ' :; 7;| - > ":(i//»)-*«;o/p) + //{i/ A> ) 02) 

//;{!/ p) scrv« 3S a s.gnaturc for ihe presence of dihydrino ...olecujes 
and molecular ions such as those d.hydrino molecules and molecular ions 
formed by fragmeutahon of increased binding energy hydrogen 
compounds .n a mass spec.tomeicr, as demonstrated" in the Identification 
of Hydrino Hydride Compounds by Mass Spectroscopy Section and the 
ldcni.fica.ion of .he Dihydrino Molecule by Mass Spectroscopy Section, 
infra. 

The dihydrino molecule • 
form trihydrino moJecubr ion >/;()//>). The icncuon is 



2c -j also ream wiih a proton to 



7, A 



(33) 



(34) 



The binding ene.gy, BE. of the tnhydrino molecular .on is about 

■f 

where p is an mtcger greater than I. preferably from 2 to 200. 

A method to prepare dihydrino gas from the hydr.no hydride ion 
compnscs reacting hydnno hydride ion contaming compound with a 
source of protons. The protons may be protons of an acid, protons of a 
plasma uf * giis discharge ccii, or protons from a metal hydride, for 
example The reaction of hydnno hydride ion /r|ij with a proton is 

One way to generate dihydrino gas from hydrino hydtidc 
compound is by thermally decomposing the compound For example 
potass.um hydrino hydride is heated until potassium metal and 
d.hydrino gas are formed. An example of a thermal decomposition 
25 reaction of hydrino hydride compound MV/ J-j is 

™-»-(^H^ c ^y rnergy + 2M (36) 

where M' is the cation. 

A hydrino can react with a proton to fotm a dihydrino ion which 



(35) 
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further reacts with an electron lo form a ilihydrino molecule. 

The energy of the reaction of the hydrino atom with a proton is given by 
the negative of the bond energy of the dihydrino ion (Eq. (28)). The 
5 energy given by the reduction of ihc dihydiino ion by an electron is the 
negative of the first binding energy (Eq. (30)). These reactions emit UV 
radiation. UV spectroscopy is a way to monitor the emitted radiation. 

A reaction for preparing dihydiino gas is given by Eq. (37). 
Sources of icaclant protons comprise, for example, a metal hydride (e.g. a 
1 0 transition metal such as nickel hydride), and a gas discharge cell. In the 
case of a metal hydride proton source, hydrino atoms are formed in an 
electrolytic cell comprising a catalyst electrolyte and a metal cathode 
which foims a hydride. Permeation of hydrino atoms through the metal 
hydride containing protons results in the synthesis of dihydrinos 

1 5 according to Eq. (37). The resulting dihydiino gas may be collected from 

the inside of an evacuated hollow cathode that is sealed at one end. The 
dihydrinos produced according to Eq- (37) diffuse into the cavity of the 
cathode and are collected. Hydrinos also diffuse through the cathode and 
rca<:t with protons of the hydride of the cathode. 

2 0 In the case of a gas discharge celt proton source, hydrinos are 

formed in a hydrogen gas discharge cell wherein a catalyst is present in 
the vapor pna.se. ionization ot hydrogen atoms by the gas discharge cell 
provides protons to react with hydrinos in the gas phase to form 
dihydrino molecules according to Eq. (37). Dihydrino gas may be purified 

2 5 by gas chromatography or by combusting normal hydrogen with a 

lecombincr such as a CuO recombiner. 

According to another embodiment of the present invention, 
dihydrino is prepared from increased binding energy hydrogen 
compounds by thermally decomposing the compound to release 

3 0 dihydrino gas. Dihydrino may also be prepared from increased binding 

energy hydrogen compounds by chemically decomposing the compound. 
Tor example, the compound is chemically decomposed by reaction with a 
cation such as U* with nW fc to liberate dihydrino gas according to the 
following methods: 1.) run a 0.57 M K 7 CO } electrolytic cell with nickel 
3 5 electrodes for an extended period of time such as one year; 2.) make the 







2r^ 








p . 
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electrolyte about J M in UNO, and acidify it with HNO>\ 3.) evaporate the 
solution to dryness; 4.) heat the resulting solid mixture until it melts; 5.) 
continue to apply heat until the solution turns black fiom the 
decomposition of inci eased binding energy hydrogen compounds such as 
Nili* to MO, dihydrino gas, and lithium hydrino hydride; 6.) collect the 
dihydrino gas, and 7.) identify dihydrino by methods such as gas 
chromatography, gas phase XPS, or Raman spectroscopy. 



__Djljydnno Gas Identification 
0 Dihydrino gas is identified as a higher ionizing mass two in ihc 

mass specuometer. Dihydrino is also identified by mass spectroscopy by 
the presence of a m/e = 4 peak and a m/e = 2 that splits at low pressure. 
The' dihydrino gas peaks occur at retention times different from normal 
hydrogen during gas chromatography at ciyogcnic temperatures, after 
5 passing through a 100% 1) 7 J 0, rccombinci (e g. CuO iccombiner). In the 

case of //;|^2c *~*|, dihydrino gas is identified as the split m/e=2 peak 

in the high resolution magnetic sector mass spectrometer, as a 62/2 eV 
peak in the gas phase XPS, and as a peak with 4 times the vibrational 
energy of normal molecular hydrogen via Raman spectroscopy. In the 
2 0 case of stimulated Raman spectroscopy, a YAG laser excitation is used to 
observe Raman Stokes and antiStokcs lines due to vibration of dihydrino 

w -^=^.|or o;|2c = ~'-| that is liquefied on ihc cryopump 

spectroscopy stage. A further method of identification comprises 
performing XPS (X-ray Photoclcctron Spectroscopy) on dihydrino 
2 5 liquefied on a stage. Dihydrinos may be further identified by XPS by 

their characteristic binding energies given in TABLE 3 wherein dihydrino 
is present in a compound comprising dihydrino and at least one other 
clement. Dihydrino is disposiiively identified in the EXPERIMENTAL 
Section. 

30 

7, ADDITIONAL I NCREASE D BINDING ENERGY HYDROGEN COMPOUNDS 

In a further embodiment of the present invention, hydrino hydride 
ions arc reacted or bonded to any positively charged atom of the periodic 
chart such as an alkali or alkaline earth cation, or a proton. Hydrino 
3 5 hydride ions may also react wiih or bond to any organic molecule. 
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inorganic molecule, compound, metal, nomnetal. or semiconductor io 
form an organic molecule, inorganic molecule, compound, metal, 
nomncsal. or semiconductor. Additionally, hydrino hydride ions may 
react with or bond to //;, //;(!/,,), W;(l/p), or dihydrino molecular ions 



Dihydrino molecular ions may bond io hydrino hydride 
ions such thai the binding energy of Ihe reduced dihydrino molecular 
ion. ihe dihydiino molecule //;|?c-^j. is less than the binding energy 

of the hydrino hydride ion ir|lj of the compound. 

The rcactants which may react with hydrino hydride ions include 
10 neutral atoms, negatively or positively charged atomic and molecular 
ions, and free radicals. In one embodiment to form hydrino hydride 
containing compounds, hydrino hydride ions are reacted with a metal. 
Thus, in one embodiment of the electrolytic cell hydride reactor, hydrino. 
hydrino hydride ion, or dihydrino produced during operation ai the 

1 5 cathode reacts with the cathode to form a compound, and in one 

embodiment of the gas cell hydride reactor, hydrino. hydrino hydride 
ion, or dihydrino produced during operation reacts wiih the dissociation 
material or source of atomic hydrogen to form a compound. A metal- 
hydiino hydride material is thus produced 

»>i'Ci ui cuiupoumi* oi me present invention include 
those that follow. Each compound of the invention includes at least one 
hydrogen species // which is a hydrino hydride ion or a hydrino atom; or 
in the case of compounds containing two or more hydrogen species //. at 
least one such // is a hydrino hydride ion or a hydrino atom, and/oi two 

2 5 or more hydrogen species of the compound are present in the compound 

in the form of dihydrino molecular ion ({wo hydrogens) and/or "dihydrino 
molecule (two hydrogens). The compounds of the present invention may 
further comprise an ordinary hydrogen atom, or an ordinary hydrogen 
molecule, in addition to one or more of the increased binding energy 

3 0 hydrogen species. In general, such ordinary hydrogen atomjs) and 

ordinary hydrogen motecuie(s) of the following exemplary compounds 
are herein called "hydrogen": 



"0 '#>)«»' \MH, Mli 2 , and M } H 7 wheie M is an alkali cation {in the 
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cose of the alkali cations may be different) and H is a hydrino 

hydride ion or hydrino aiom; MH m n = I to 2 where M is an alkaline carlh 
cation and H is a hydrino hydride ion or hydrino aiom; MUX where M is 
an alkali cation. X is a neutral atom or molecule or a single negatively 
charged anion such as halogen ion, hydroxide ion, hydrogen carbonate 
ion, or nitrate ion, and // is a hydrino hydride ion or hydrino atom; MUX 
where M is an alkaline earth cation, X is a single negatively charged 
anion such as halogen ion, hydroxide ion, hydrogen carbonate ion, or 
nitrate ion, and // is a hydrino hydride ion or hydrino atom; MHX where 
M is an alkaline earth cation, X is a double negatively charged anion 
such as carbonate ion or sulfate ion, and // is a hydrino atom; MJiX 
where M is an alkali cation (the alkali cations may be different), X is a 
single negatively charged anion such as halogen ion, hydroxide ion, 
hydrogen carbonate ion, or niliaie ion, and // is a hydrino hydride ion or 
hydrino atom; MH m nx\u>5 where M is an alkaline cation and H is at 
least one of a hydrino hydride ion, hydrino atom, dihydrino molecular 
ion. dihydrino molecule, and may further comprise an ordinary hydrogen 
atom, or ordinary hydrogen molecule; MJj^n-i to 4 where M is an 
alkaline earth cation and // is in least one of a hydrino hydride ion, 
hydrino atom, dihydrino molecular ion, dihydrino molecule, and may 
further comprise an ordinary hydrogen atom, or ordinary hydrogen 
molecule (the alkaline earth cations may be different); MiXH m n=\tol 
where m is an aikaiine earth cation, X is a smgic negatively charged 
anion such as halogen ion. hydroxide ion, hydrogen carbonate ion, or 
nitrate ion, and /■/ is at least one of a hydrino hydride ion, hydrino atom, 
dihydrino molecular ion. dihydrino molecule, and may further comprise 
an ordinary hydrogen atom, or ordinary hydrogen molecule (the alkaline 
earth cations may be different); M ; XJ! n »=l/o2 where M is an alkaline 
earth cation, X is a single negatively charted anion such as halogen ion. 
hydroxide ion, hydrogen carbonate ion. or nitrate ion. and H is at least 
one of a hydrino hydride ton. hydrino atom, dihydrino molecular ion, 
dihydrino molecule, and may further comprise an ordinary hydrogen 
atom (the alkaline earth cations may be different); M ? X y H where M is an 
alkaline earth cation, X is a single negatively charged anion such as 
halogen ion, hydroxide ion, hydrogen carbonate ion, or nitrate ion. and // 
is a hydrino hydride ion. or hydrino atom (the alkaline earth cations may 
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be different): W,XW. n « 1 ro 2 where Af is an alkaline earth cation, X is a 
double negatively charged anion such as carbonate ion or sulfate ion, and 
// is at least one of a hydiino hydride ion, hydrino atom, dihydrino 
molecular ion, dihydrino molecule, and may further comprise an 
ordinary hydrogen atom (the alkaline earth cations may be different); 
M 7 XX H where M is an alkaline earth cation, X h a single negatively 
charged anion such as halogen ion. hydroxide ion, hydrogen carbonate 
ion, or nitrate ion, X is a double negatively charged anion such as 
carbonate ion or sulfate ion, and // is a hydrino hydride ion or hydrino 
atom {the alkaline earth cations may be different); MM //. n = I to 3 where 
M is an alkaline earth cation, AT is an alkali metal cation, and H is at 
least one of a hydrino hydride ion, hydrino atom, dihydrino molecular 
ioiH dihydrino molecule, and may further comprise an ordinary hydrogen 
atom, or ordinary hydrogen molecule; MM XH mt n - I to 2 where M is an 
alkaline earth cation, Af is an alkali metal cation. X is a single negatively 
charged anion such as halogen ion, hydroxide ion. hydrogen carbonate 
ion, or nitrate ion. and // is at least one of a hydrino hydride ion, hydrino 
atom, dihydrino molecular ion. dihydrino molecule, and may further 
comprise an ordinary hydrogen atom; MAf XH where M is an alkaline 
canh cation, M' is an alkali metal cation, X is a double negatively 
charged anion such as carbonate ion or sulfate ton, and H is a hydrino 
hydride ion or hydrino atom; MAf XX H where At is an alkaline earth 
cation, M is an alkali metal cation, A' and ,Y" are each a single negatively 
charged anion such as halogen ion, hydroxide ion. hydrogen carbonate 
ion, or nitrate ion, and H is a hydrino hydride ion or hydrino atom; 
HJn~\to7 where H is at least one of a hydrino hydride ion, hydrino 
atom, dihydrino molecular ion, dihydrino molecule, and may further 
comprise an ordinary hydrogen atom; MSiH m n = ltob where M is an alkali 
or alkaline ennh cation and // is at least one of a hydrino hydride ion, 
hydrino atom, dihydrino molecular ion, dihydrino molecule, and may 
further comprise an ordinary hydrogen atom, or ordinary hydrogen 
molecule; MX$iH m n = I w 5 where M is an alkali or alkaline eanh cation. Si 
may be replaced by Al, M\ transition, inner transition, or rare earth 
element, X is a single negatively charged anion such as halogen ion, 
hydroxide ion. hydrogen carbonate ion. or nitrate ion, or a double 
negative charged anion such as carbonate ion or sulfate ion, and // is at 
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least one of a hydrino hydride ion, hydrino atom, dihydnno molecular 
ion, dihydiino molecule, and may further comprise an ordinary hydrogen 
aiom. or ordinary hydrogen molecule; MAlH m n - \ to 6 where M is an alkali 
or alkaline earth cation and H is at feast one of a hydrino hydride ion, 
hydrino atom, dihydnno molecular ion, dihydiino molecule, and may 
further comprise an ordinary hydrogen atom, or ordinary hydrogen 
molecule; MH m n = \tot where M is a transition, inner transition, or rare 
earth element cation such as nickel and // is at Jeasl one of a hydrino 
hydride ion, hydrino atom, dihydnno molecular ion, dihydnno molecule, 
and may further comprise an ordinary hydrogen atom, or ordinary 
hydrogen molecule; KtNiH m n = 1 to 6 where M is an alkali cation, alkaline 
earth canon, silicon, or aluminum and // is at least one of a hydrino 
hydride ion. hydrino atom, dihydrino molecular ion, dihydrino molecule, 
and may further comprise an ordinary hydrogen atom, or ordinary 
hydrogen molecule, and nickel may be substituted by another transition 
metal, inner transition, or rare earth cation; TiH^n - I w A where H is at 
least one of a hydrino hydride ion. hydrino atom, dihydrino molecular 
ion. dihydrino molecule, and may funnel comprise an ordinary hydrogen 
atom, or ordinary hydrogen molecule. A I, H m n* I to 4 where // is at least 
one of a hydrino hydride ion, hydrino atom, dihydrino molecular ion. 
dihydrino molecule, and may further comprise an ordinary hydrogen 
aiom. or ordinary hydrogen molecule; MXAIX //„ n == I to 2 where M is an 
alkali or alkaline earth cation, X and X arc each a single negatively 
charged anion such as halogen ion. hydroxide ion, hydrogen carbonate 
ion. or nitrate ion, or a double negative charged anion such as carbonate 
ion or sulfate ion, // is at least one of a hydrino hydride ion, hydrino 
atom, dihydrino molecular ion, dihydrino molecule, and may further 
comprise an ordinary hydrogen atom, and another cation such as Si may 
replace Al\ [KH^KCO^ w./i = integer where // is at least one of a hydrino 
hydride ion. hydrino atom, dihydrino molecular ion. dihydiino molecule, 
and may further comprise an ordinary hydrogen atom; 
\KHKOHl integer where // is at least one of a hydrino hydride ion, 

hydrino atom, dihydrino molecular ion, dihydrino molecule, and may 
further comprise an ordinary hydrogen atom; 

\KH m KNO y \ m nX~ m t n = integer where X is a single negatively charged 
anion such as halogen ion. hydroxide ion, hydrogen carbonate ion, or 
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nitrate ion and // is at least one of a hydrino hydride ion, hydrino atom, 
dihydrino molecular ion, dihydrino molecule, and may further comprise 
an ordinary hydrogen atom; {KHKNO^ integer // is at least one of a 

hydrino hydride ion, hydrino atom, dihydrino molecular ion. dihydrino 
5 molecule, and may further comprise an ordinary hydrogen atom; 

jA/Z/^Af X]^ m y n = integer comprising a neutral compound or an anion or 
cation where M and Kf arc each an alkali or alkaline earth cation. X is a 
single negatively charged anion such as halogen ion. hydroxide ion, 
hydrogen carbonate ion, or nitrate ion or a double negatively charged 
I 0 anion such as carbonate ion or sulfate ion, and H is at least one of a 

hydrino hydride ion, hydrino atom, dihydrino molecular ion, dihydrino 
molecule, and may further comprise an ordinary hydrogen atom; 
\MU n fi<f X'J ( nX~ - = integer where M and hf are each an alkali or 
alkaline earth cation, X and X arc each a single negatively charged 

1 5 anion such as halogen ion : hydroxide ion, hydrogen carbonate ion. or 

nitrate ion or a double negatively charged anion such as carbonate ion or 
sulfale ion. and // is at least one of a hydrino hydride ton, hydrino atom, 
dihydrino molecular ion. dihydrino molecule, and may further comprise 
an ordinary hydrogen atom, and X \ nM" m.»=; integer where 

2 0 M. M' , and M" arc each an alkali or alkaline earth cation. X and X' aie 

each a single negatively charged anion such as halogen ion, hydroxide 
ion, hydroscn carbonate ion. or nitrate inn m a (IomMa nr>oc*t,\rf>u> 
charged anion such as carbonate ion or sulfate ion, and // is at least one 
of :> hydrino hydride ion, hydrino atom, dihydrino molecular ion. 

2 5 dihydrino molecule, and may further comprise an ordinary hydrogen 

atom. 

Preferred metals comprising the increased binding energy 
hydrogen compounds (such as MH m n = I rr> ft) include the Group VIB 
(Cr.Mo.W) and Group IB {Cu m A$.Au) elements. The compounds are 

3 0 useful for purification of the metals. The puiificaiion is achieved via 

formation of the increased binding energy hydrogen compounds that 
have a high vapor pressure. Each compound is isolated by cryopumping. 

Exemplary silanes, siloxanes, and silicates thai may form polymers 
(up to MW = 100,000 dalton), each have unique observed characteristics 
3 5 different from those of {he corresponding ordinary compound wherein 
the hydrogen content is only ordinary hydrogen II. The observed 
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characteristics which arc dependent on ihe increased binding energy of 
the hydrogen species include sloichiometry, stability nt elevaied 
temperature, and stability in air. Exemplary compounds are: 
MjSiH m n = I to% where M is an alkali or alkaline earth cation (the cations 
5 may be different) and H is at least one of a hydrino hydride ion. hydrino 
atom, dihydrino molecular ion, dihydrino molecule, and may fun her 
comprise an ordinary hydrogen atom, or ordinary hydrogen molecule; 
Si 7 H m n-ito% where // is at least one of a hydrino hydride ion. hydrino 
atom, dihydrino molecular ion. dihydrino molecule, and may furthci 
I 0 comprise an ordinary hydrogen atom, or ordinary hydrogen molecule; 
Sr7J„n = l/o8 where 11 is at least one of a hydrino hydride ion. hydrino 
atom, dihydrino molecular ion, dihydrino molecule, and may further 
comprise an ordinary hydrogen atom, or ordinary hydrogen molecule; 
" Sijt u « = integer where II is at least one of a hydrino hydride ion. hydrino 

1 5 atom, dihydrino molecular icn, dihydrino molecule, and may further 

comprise an ordinary hydrogen atom, or ordinary hydrogen molecule; 
S*„H U » = integer where // is at least one of a hydrino hydride ion. hydrino 
atom, dihydrino molecular ion. dihydrino molecule, and may further 
comprise an ordinary hydrogen atom, or ordinary hydrogen molecule: 
2 ^ Si M* m O n - >n< tftrr where // is at least one of a hydrino hydride ion. 
hydrino atom, dihydrino molecular ion. dihydrino molecule, and may 
further comprise an ordinary hydrogen atom, or ordinary hydrogen 
"luicciiic; SiJi 4x ^O % x. y *= integer where // is at least one ol a hydrino 

hydride ion, hydrino atom, dihydrino molecular ion, dihydrino molecule, 

2 5 and may further comprise an ordinary hydrogen atom, or ordinary 

hydrogen molecule; 5i 4 //„ G } x, y * integer where // is nt least one of a 

hydrino hydride ion, hydrino atom, dihydrino molecular ion, dihydrino 
molecule, and may further comprise an ordinal y hydrogen atom, or 
ordinary hydrogen molecule: Sijt.. H : 0 « = integer where // is at least one 

3 0 of a hydrino hydride ion, hydrino atom, dihydrino molecular ion. 

dihydrino molecule, and may further comprise an ordinary hvdrogen 
atom, or ordinary hydrogen molecule; Si;//,,., n = integer where // is at 
least one of a hydrino hydride ion. hydrino atom, dihydrino molecular 
ion, dihydrino molecule, and may further comprise an ordinary hydrogen 
3 5 atom, or ordinary hydrogen molecule; St\ y - integer where // is^at 

least one of a hydrino hydride ton, hydrino atom, dihydrino molecular 
ion, dihydrino molecule, and may further comprise an ordinary hydrogen 
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atom, or ordinary hydrogen molecule; MSuJi l0n O^ n = integer where M is nn 
alkali or alkaline earth cation and // is at least one of a hydrino hydride 
ion. hydrino atom, dihydrino molecular ion, dihydrino molecule, and may 
further comprise an ordinary hydrogen atom, or ordinary hydrogen 
5 molecule; MSi 4m H ttm O m , t n = integer where M is nn alkali or alkaline earth 

cation and H is at least one of a bydrino hydride ion, hydrino atom, 
dihydrino molecular ion, dihydrino molecule, and may further comprise 
an ordinary hydrogen atom, or ordinary hydrogen molecule; 
M Si m H m O <j.«.m,j> = integer where M is an alkali or alkaline earth cation 

1 0 and H is at least one of a hydrino hydride ion, hydrino atom, dihydrino 
molecular ion, dihydrino molecule, and may further comprise an 
ordinary hydrogen atom, or ordinary hydrogen molecule; 
MJSiJi^ = integer where M is an alkali or alkaline earth cation and H 

is at least one of a hydrino hydride ion, hydrino atom, dihydrino 

1 5 molecular ion, dihydrino molecule, and may further comprise an 

ordinary hydrogen atom, or ordinary hydrogen molecule; 

SULfy = integer where H is at least one of a hydrino hydride ion. 

hydrino atom, dihydrino molecular ion, dihydrino molecule, and may 
further comprise an ordinary hydrogen atom, or ordinary hydrogen 

2 0 molecule; SiJI^ rum- integer where // is at least one of a hydrino hydride 

ion, hydrino atom, dihydrino molecular ion, dihydrino molecule, and may 
further comprise an ordinary hydrogen atom, or ordinary hydrogen 
molecule; Si0 7 H ti n - I io 6 where // is at least one of a hydrino hydride ion, 

hydrino atom, dihydrino molecular ion, dihydrino molecule, and may 

2 5 further comprise an ordinary hydrogen atom, or ordinary hydrogen 

molecule; MSi0 1 }1 n n-\ io 6 where M is an alkali or alkaline earth cation 

and // is at leasi one of a hydrino hydride ion. hydrino atom, dihydrino 
molecular ion, dihydrino molecule, and may further comprise an 
ordinary hydrogen aiom, or ordinary hydrogen molecule; MSi t H m n = I to 14 

3 0 where M is an alkali or alkaline earth cation and // is at least one of a 

hydrino hydride ion, hydrino atom, dihydrino molecular ion, dihydrino 
molecule, and may further comprise an ordinary hydrogen atom, or 
ordinary hydrogen molecule; M } SiH m n - 1 /// 8 where M is an alkali or 

alkaline earth cation and H is at least one of a hydrino hydride ion, 
3 5 hydrino atom, dihydrino molecular ion, dihydrino molecule, and may 
further comprise an ordinary hydrogen atom, or ordinary hydrogen 
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molecule; and polyalkylsiloxane where ;/ is a. leas, one of a hydrino 
hydride ion. hydrino atom, dihydrino molecular ion, dihydrino molecule, 
and may further compiisc an ordinary hydrogen asom. or ordinary 
hydrogen molecule. 

5 ln an embodiment of a superconductor of reduced dimensionality 

of the present invention, hydrino. dihydrino. and/or hydride ion is 
reacted with or bonded to a source of electrons. The source of electrons 
may be any positively charged atom of the periodic chart such as an 
alkali, alkaline earth, transition metal, inner transition metal, rare earth. 
10 laothamdc. or actinidc cation to form a structure described by a lattice 
described in 96 Mills GUT (pages 255-264 which are incorporated by 
reference). 

Increased binding energy hydrogen compounds may be oxidized or 
reduced to form addiiional such compounds by applying a voltage to the 

1 5 battery disclosed in the HYDRINO HYDRIDE BATTERY Section. The 

additional compounds may be formed via the cathode and/or anode half 
reactions. 

Alternatively, increased binding energy hydrogen compounds may 
be formed by reacting hydrino atoms from at least one of an electrolytic 

2 0 cell, a gas cell, a gas discharge cell, or a plasma torch cell with silicon «o 

form terminated silicon such as hydrino atom versus hydrogen 
terminated silicon. Por example, siheon is placed inside the cell such that 
the hydrino produced therein reacts with the silicon to form the 
increased binding energy hydrogen species terminated silicon. The 

2 5 species as a terminator of silicon may serve as a masking agent for solid 

state electronic circuit production. 

Another application of the increased binding energy hydrogen 
compounds is as a dopant or dopant component in the fabrication of 
doped semiconductors each with an altered hand gap relative to the 

3 0 starting material. For example, the starting material may be an ordinary 

semiconductor, an ordinary doped semiconductor, or an ordinary dopant 
such as silicon, germanium, gallium, indium, arsenic, phosphorous, 
antimony, boron, aluminum. Group 111 elements. Group IV elements, or 
Group V elements. In a preferred embodiment of the doped 
3 5 semiconductor, the dopant or dopant component is hydrino hydride ion. 
Materials such as silicon may be doped with hydrino hydride ions by ion 
implantation, epitaxy, or vacuum deposition to form a superior doped 
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semiconductor. Apparatus and methods of ion implantation, epitaxy, and 
vacuum deposition such as those used by pcisons skilled in the art are 
described in the following references which are incorporated herein by 
reference: Fadei Komarov, Ion Beam Modificnjion of Me t als , Gordon and 

5 Breach Science Publishers, Philadelphia. 1992, especially pp.- J -37.; 

Em amide Rirnini, jorL JjaRlanjatjoaL Basi cs to Device Fab rication . Kluwer 
Academic Publishers, Boston, 1995, especially pp. 33 252; 315-348; 173- 
212; i. P. Ziegler, (liditoi). Ion I m pl anta tion Scien ce an d Technology. 
Second Edition, Academic Press, Inc., Boston, 1988, especially pp. 219- 

1 0 377. The specific p hydrino hydride ion (H"(/r=l/p) where p is an 

integer) may be selected lo provide the desired property such as band 
gap following doping. 

„ The increased binding energy hydrogen compounds may be reacted 
with a thermionic cathode material to lower ihe Fermi energy of the 

1 5 material. This provides a thermionic generator with a higher voltage 

than thai of the undoped starting material. l : or example, a starting 
material is tungsten, molybdenum, or oxides thereof. In a preferred 
embodiment of a doped thermionic cathode, the dopant is hydrino 
hydride ion. Maierials such as metals may be doped with hydrino 

2 0 hydride ions by ion implantation, epitaxy, or vacuum deposition to form 

a supepior thermionic cathode. Apparatus and methods of ion 
implantation, epitaxy > and vacuum deposition such as those used by 
persons skilled in the art are described in the following references which 
aie incorporated herein by reference: I'adei Komarov, Ion Beam 

2 5 Modific ation of Metals . Gordon and Breach Science Publishers. 

Philadelphia, 1992, especially pp.- 1-37.; Emanucle Rimini, Ion 
Impl antatio n: B asic s to Device Fabr ication. Kluwer Academic Publishers. 
Boston, 1995, especially pp. 33-252; 315-348; 173-212; J. F. Zieglci. 
(Editor). LQjtJmpja ntation S cience and Te chnology. Second Edition, 

3 0 Academic Press. Inc., Boston, 1988, especially pp. 2)9-377. 

8. HYDRINO HYDRIDE GE1TER 

Each of the various reactors of the present invention comprises: a 
source of atomic hydrogen; at least one of a solid, molten, liquid, or 
3 5 gaseous catalyst, a catalysis vessel containing atomic hydrogen and the 
catalyst; and a source of electrons. The reactor may further comprise a 
getter, which functions as a scavenger to prevent hydrino atoms from 
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reading with components of the eel! to form a hydrino hydride 
compound. The getter may also be used 10 reverse the reaction between 
the hydiinos and the cell components 10 form a hydrino hydride 
compound containing a substitute cation of the hydrino hydride ion. 
5 The getter may comprise a rnelal with a low work function, such as 

an alkali or alkaline earth metal. The getter may alternatively comprise 
a source of electrons and cations. For example, the electron or cation 
source may be (I) a plasma of a discharge cell or plasma torch cell 
providing electrons and protons; (2) a metal hydride such as a transition 

10 or rare element hydride providing electrons and protons; or (3) an acid 
providing protons. 

In another embodiment of the getter, the cell components comprise 
a metal which is regenerated at high temperature, by electrolysis, or by 
plasma etching, or the metal has a high work function and is resistant to 

15 reaction wiiXi hydrino to otherwise form hydrino hydride compound. 

In yet another getter embodiment, the cell is comprised of a 
materia) which reacts with hydrino or hydrino hydride ion to form a 
composition of m'anei which is acceptable or superior to the parent 
material as a component of the cell (e.g. more resilient with a longer 

2 0 functional i>fc-timc). For example, the cell of the hydrino hydride 

reactor may comprise, be lined by or be coated with at least one of I.) a 
material thai is resistant to oxidation, such as the compounds disclosed 
herein; 2.) a material which is oxidized by the hydrino such that a 
protective layer is formed (e.g.. an an>on impermeable layer thai 

2 5 prevents further oxidation) ; or 3.) a material which forms a protective 

layer which is mechanically stable, insoluble in the catalysis material, 
does not diffuse into the catalysis material, and/or is not volatile at the 
operating temperature of the cell of the hydrino hydride reactor. 

Increased binding energy hydrogen metal compounds such as NiH m 

3 0 and WH : where n is an integer, form during the operation of the hydrino 

hydride reactor as shown in the EXPERIMENTAL Section, infra. In one 
embodiment of the present invention, the getter comprises a metal such 
as nickel or tungsten which forms said compounds that decompose 10 
restore the metal surface of the desired component of the hydrino 
3 5 hydride reactor (e.g., cell wall or hydrogen dissociator). For example, the 
cell of the hydrino hydride reactor is composed of metal, or is composed 
of quanz or a ceramic which has been metallized by, f 0r example, 
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vacuum deposition. In this case, the cell comprises the getter. 

In the case that the increased binding energy hydrogen compounds 
have a lower vapor pressure than the catalyst, the getter may a be 
cryotrap in communication with the cell. The cryotrap condenses the 
5 increased binding energy hydrogen compounds when the getter is 

maintained at a temperature intermediate between the cell temperature 
and the temperature of the catalyst reservoir. There is little or no 
condensation of the catalyst in the cryotrap. An exemplary getter 
comprising the cryotrap 255 of the gas cell hydride reactor is shown in 
10 FIGURE 3. 

In the case that the increased binding energy hydrogen compounds 
have a higher vapor pressure than the catalyst, the cell possesses a 
heated catalyst reservoir in communication with the cell. The reservoir 
provides vaporized catalyst to the cell. Periodically, the catalyst 

1 5 reservoir is maintained ai a temperature which causes the catalyst to 

condense wiih little or no condensation of the increased binding energy 
hydrogen compounds. The increased binding energy hydrogen 
compounds are maintained in the gas phase at the elevated temperature 
of the cell and are removed by a pump such as a vacuum pump or a 

2 0 cryopump. An exemplary pump 256 of the gas cell hydride reactor is 

shown in FIGURE T 

The getter may be used in conjunction with the gas cell hydrino 
hydride reactor to form a continuous chemical reactor to produce 
increased binding energy hydrogen compounds. The increased binding 

2 5 energy hydrogen compounds so produced in the reactor may . have a 

higher vapor pressure than the catalyst. In that case, the cell possesses a 
heated catalyst reservoir which continuously provides vapori2ed catalyst 
to the cell. The compounds and the catalyst arc continuously 
cryopumped to ihc getter during operation. The cryopumped material is 

3 0 collected, and the increased binding energy hydrogen compounds are 

purified from the catalyst by the methods described herein. 

As indicated above, the hydrino hydride ion can bond to a cation 
with unpaired electrons, such as a transition or rare earth cation, to form 
a paramagnetic or ferromagnetic compound. In one embodiment of the 
3 5 gas cell hydride reactor, the hydrino hydride getter comprises a magnet 
whereby magnetic hydrino hydride compound is removed from the gas 
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phase by attaching to the magnetic getter. 

The electron of a hydrino hy<iiidc ion con be removed by a hydrino 
atom of a higher binding energy level than the product ionized hydrino. 
The ioni2ed hydrino hydride ion can further undergo catalysis and 
5 disproportionation to release further energy. Over time, the hydrino 
hydride ion products lend toward die most stable hydrino hydride, ion 
//-(/, = i / 16). By removing or adding hydrino hydride compounds, the 
power and energy produced by the cell may be controlled. Accordingly, 
the getter takes the form of a regulator of the vapor pressure of hydrino 
I 0 hydride compounds, to control the power or energy produced by the cell. 
Such a hydrino hydride compound vapor pressure regulator includes a 
pump wherein the vapor pressure is determined by the raie of pumping. 
The hydrino hydride compound vapor pressine regulator also mav include 
a cryorrap wherein the temperature of the cryoirnp deiei mines the vapor 

1 .5 pressure of the hydrino hydride compound. A further embodiment of the 

hydrino hydride compound vapor pressure regulator comprises a flow 
restriction to a ciyoirap of constant temperature wherein Uie flow rate to 
the trap determines the steady state hydrino hydride compound vapor 
prcssme. Exemplary flow restrictions include adjustable quart/. 

2 0 zirconium, or tungsten plugs. The plug 40 shown in FIGURE 4 may be 

permeable to hydrogen as a molecular or ;uomic hydrogen source. 
9. HYDRINO HY DRIDE BIB CELL 

As the product of a cathode half reaction of a fuel celt or battery, a 
hydrino hydride ion with extreme stability represents a significant 

2 5 improvement over conventional cathode products of present batteries 

and fuel cells. This is due to the much greater energy release of the 
hydrino hydride reaction of Eq. (8). 

A fuel cell 400 of the present invention shown in FIGURE 9 
comprises a source of oxidant 430. a cathode -105 contained in a cathode 

3 0 compartment 401 in communication wiih the source of oxidant 430. an 

anode 410 in an anode compartment 402. a salt bridge 420 completing a 
circuit between the cathode compartment 401 and anode compartment 
- / 102 > and an electrical load 425. The oxidant may be hydnnos from the 
oxidant source 430. The hydnnos react to form hydrino hydride ions as 
3 5 a cathode half reaction (Eq. (38)). Increased binding energy hydrogen 
compounds may provide hydrinos. The hydiinos may be supplied to the 
cathode from the oxidant source 430 by thermally or chemically 
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decomposing increase J binding energy hydrogen compounds. The 
hydrino may be obtained by the reaction of on increased binding energy 
hydrogen compound with an element that replaces the increased binding 
energy hydrogen species in the compound. Alternatively, ihe source of 

5 oxidant 430 may be an electrolytic cc)K gas cell, gas discharge cell, or 
plasma lorch cell hydrino hydride reactor of the present invention. An 
alternative oxidant of the fuel cell 400 comprises increased binding 
energy hydrogen compounds. For example, a cation M** (where n is an 
integer) bound to a hydrino hydride ion such that the binding energy of 

10 the cation or atom M 1 "" 0 * is less than the binding energy of the hydrino 

hydride ion //"[ — | may serve as the oxidant. The source of oxidant -130, 



such as AT* H j - I may be an electrolytic cell, gas cell, gas discharge cell, 



or plasma torch cell hydrino hydride reactor of the present invention. 
In another fuel cell embodiment, a hydrino source 4 30 
1 5 communicates with vessel 400 via a hydrino passage 460. Hydrino 
source 430 is a hydrino- producing cell according to the present 
invention, i.e., nn electrolytic cell, a gas cell, a gas discharge ceil, or a 
plasma torch cell. Hydrinos are supplied via hydrino passage 460. 



reacts with the anode 410 to supply electrons io flow through the load 
425 to the cathode 405. and a suitable cation completes the circuit by 
migrating from the anode compartment 402 to the cathode compartment 
401 through the salt bridge 420. Alternatively, a suitable anion such as 
2 5 a hydrino hydride ion completes the circuit by migrating from the 

cathode compartment 401 to the anode compartment 402 through the 
salt bridge 420. The rednctant may be any electrochemical reductant. 
such as zinc. In one embodiment, the rednctant has a hisdi oxidation 
potential and the cathode may be copper. 




The introduced hydrinos, // - £ ' , 

. P . 



react with electrons at the cathode 



405 of uic fuel Ceil u> j'orm hydijno hydride ions, ti \\/p). A reductant 



30 



The cathode half reaction of the cell is: 




(38) 



The anode half reaction is: 
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rtductant -> reductam* -t- (V)) 
The overall cell reaction is: 

"[^] + rctU,cl:,ru ~* »«*w:iani" 4 //"(I / p) (40) 

In one embodiment of the fuel cell, the cathode compartment -101 
5 functions as the cathode. In thai embodiment, the cathode may serve as 
a hydrino getter. 

10. jJ VDRJNQ II Y DR1 DE B ATTP.R Y 

A battery according to the present invention is shown in FIGURE 

10 9A. In battery 400'. the increased binding energy hydrogen compounds 
are oxidants; they comprise the oxidant of the cathode half icaction of 
the^ battery. The oxidant may be, for example, an increased binding 
energy hydrogen compound comprising a dihydrino molecular ion bound 
to a hydrino hydride ion such that the binding energy of the reduced 

15 dihydrino molecular ion, the dihydrino molecule V - — ^j. is Jess 

than the binding energy of the hydrino hydride ion /r|ij. One such 
oxidant is the compound Hfi,j lr{Up ) whcrf; p of |fcc dihydlinQ 

molecular ion is 2 and p of the hydrino hydride ion is 13, 14, 15. 16. 17, 



20 



An alternative oxidant may be a compound comprising a cation M" 
(where ,, is an integer) bound to a hydrino hydride ion such lhal the 
binding energy of ihe calioir or atom is Jess than die binding energy 

of the hydrino hydride ion tf-fi]. Caiions may be selected from .hose 

given in Table 2-1. Ionization Energies of the Clements (eV) |K. L DeKock. 

2 5 H. B. Gray. 0>£rni«Lituiciij.re_^^ The Benjamin Cummincs 

Publishing Company, Menlo Park, CA, (1980) pp. 76-77. incorporated 
hcre.n by reference] such that the n lb ionization energy y,>. lo form the 
cation M" f ro „, (where „ is an integer) is less than the binding 

energy of the hydrino hydride ion H JiJ. Alternatively, n hydrino 

3 0 hydride ion may be selected for a given cation such drat the hydrino 
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( F % 

hydride ion is not oxidized by tbe cation. Thus, the oxidant A-/"* //'[ — j 

\Ph 

comprises a cation AT\ where n is an integer and the hyclrino hydride ion 
j, wheic p is an integer greater than 1, that is selected such that its 

binding energy is greater than that of Af ( " M \ Vox example, in the case of 
(/7*(l /») ? or Fe**[H'{\I p)) 4 , p of die hydrino hydride ion may be 11 to 

20 because the binding energy of //V and Ft i% is 54.4 cV and 54.8 cV, 
respectively. Thus, in the case of I1e u (//"(I / />)) >t die hydride ion is selected 
to have a higher binding energy ihan He* (54.4 eV). In the case of 
Ftr*~ [H~ (\i p)) t ihc hydride ion is selected to have a higher binding energy 

than /V* (54.8 eV). By selecting a stable cafion-hydrino hydride anion 
compound, a battciy oxidant is provided wherein the reduction potential 
is determined by the binding energies of the cation and anion of the 
oxidant. 

In another embodiment of the battery, hydrino hydride ions 
complete the circuit during battery operation by migrating Horn the 
cathode compartment 401* to the anode compartment '102\ through salt 
bridge 420*. The bridge may comprise, (or example, an anion conducting 
membrane and/or an anion conductor. The salt bridge may be formed of 
a zeolite, a lanthamde boridc (such as /Vf/? 6 , where M is a lamhnmde), or 

,->n nttcilmr* / k :wth hr>riH*» fenrh ;\k Mtt u/hf r/» M «<•■ ^t> ■*! V- *»li »w> «->»ri»\ 

* ■■ * * — * ~ ' * *~ - * 

which is selective as an anion conductor based on the small si^e of the 
hydrino hydride anion. 

The battery is optionally made rechargeable. According 10 an 
embodiment of a rechargeable battery, the cathode compartment 401' 
contains reduced oxidant and the anode compartment contains an 
oxidized reductanl. The battery further comprises an ion which migrates 
to complete the circuit. To permit the battery to be recharged, the 
oxidant comprising increased binding energy hydrogen compounds must 
be capable of being generated by the application of a proper voltage to 
the battery to yield the desired oxidant. A representative proper voltage 

is from about one volt to about 100 volts. The oxidant Af*" H l^-J 

comprises a desired cation formed at a desired voltage, selected such that 
the n th ionization energy U\ to form the cation AT* from M in ' "' , where 
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n is an integer, is less than the binding energy of the hydiino hydride ion 
whcrc P * s integer greater than I. 

According to another rechargeable battery embodiment, the 
oxidized icductant compiiscs a source of hydrino hydride ions such as 
5 increased binding energy hydiogen compounds. The application of the 
proper voltage oxidizes the reduced oxidant io a desired oxidation state 
to form the oxidant of the battery and reduces the oxidized reduciam to 
a desired oxidation state to form the redtictant. The hydrrno hy<in<]ic 
ions complete a circuit by migrating from the anode compartment 402' to 

10 the cathode compartment 401' through the salt bridge 420*. The salt 
bridge 420' may be formed by an anion conducting membrane or an 
anion conductor. The reduced oxidant may be. for example, iron metal, 
and the oxidized reduciam having a source of hydrino hydride ions may 
be, for example, potassium hydrino hydride ( K* II' (\ I p)). The application 

15 of a proper voltage oxidizes the reduced oxidant ( Fc) to the desired 

oxidation siaie (/V) io form the oxidant ( *V (// (| I p))^ where p of ihe 
hydrino hydride ion is nn integer from 11 to 20). The application of die 
proper voltage also reduces the oxidized reductnnt (*') to the desired 
oxidation state (K) to form the reduciam (potassium metal). The 

2 0 hydrino hydride ions complete the circuit by migrating from the anode 
compartment 402' to the cathode compartment 40 1 ' through the salt 
bridge 420\ 

In an embodiment of the battejy, the reduciam includes a source 
of protons wherein the protons complete , the .circuit . by .migrating from 

2 5 the anode compartment 402' to the cathode compartment 401* through 

the salt bridge 420'. The sail bridge may be a proton conducting 
membrane and/or a proton conductor such as solid state perovskite-type 
proton conductors based on SrCeO % such as *C*>„Y ow Nb» o: 0 :H7 and 
SrCrO^Yb^^O. - alpha. Sources of protons include compounds comprising 

3 0 hydrogen atoms, molecules, nnd/or protons such as the increased bindtns 

energy hydrogen compounds, water, molecular hydrogen, hydroxide, 
ordinary hydride ion, ammonium hydroxide, and HX wherein X' is a 
halogen ion. For example, oxidation of the reductnnt comprising a source 
of protons generates protons and a f?as which may be vented while 
3 5 operating the battery. 
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In another embodiment of a rechargeable battery, application of a 
voltage oxidizes the reduced oxidant to (he desired oxidation state to 
form the oxidant, and reduces the oxidized reductant to a desired 
oxidation state to form the reductant. Protons complete the circuit by 
5 migrating from the cathode compartment 401* to the anode compartment 
402* through the salt bridge 420' such as a proton conducting membrane 
and/or a proton conductor. 

In an embodiment of the battery, the oxidant and/or reductant arc 
molten with heat supplied by the interna! resistance of the battery or by 

1 0 external heater 450\ Hydrino hydride ions and/or protons of the molten 

battery reactants complete the circuit by migrating through the salt 
bridge 420'. 

_ In another embodiment of the battery, the cathode compartment 
40 V and/or the cathode 405* may formed by. lined by. or coated with at 
15 least one of the following I.) a materia) that is resistant to oxidation such 
as increased binding energy hydrogen compounds; 2.) a material which is 
oxidi?.ed by the oxidant such that a protective layer is formed, e g. k an 
anion impermeable layer mai prevents further oxidation wherein the 
cathode layer is electrically conductive; 3.) a material which forms a 

2 0 protective layer which is mechanically stable, insoluble in the oxidant 

material, and/or does not diffuse inio ihe oxidant mate rial wherein the 
cathode layer is electrically conductive. 

lo prevent corrosion, the increased binding energy hydrogen 
compounds comprising the oxidant may be suspended in vacuum and/or 

2 5 may be magnetically or electrostatically suspended such , that the oxidant 

docs not oxidize the cathode compartment 401\ Alternatively, the 
oxidant may suspended and/or electrically isolated from the circuit, when 
current is not desired The oxidant may be isolated from the wall of the 
cathode compartment by a capacitor or an insulator 

3 0 The hydrino hydride ion may be recovered by the methods of 

purification given herein and recycled. 

In an embodiment of the battery, the cathode compartment 401' 
functions ns the cathode. 

A higher voltage battery comprises an integer number n of said 
3 5 battery cells in series wherein '.he voltage of the series, compound cell, is 
about nX6Q volts. 
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1 1 . HYDRINO H YDRI DE EXPLOSIVE AND ROCKET FUEL 

Eq. (7) predicts that a stable hydrino hydride ion will form for the 
parameter /><24. The energy released from the reduction of hydrrno 
atoms to form a hydrino hydride ion goes through a maximum; whereas, 
the magnitude of the total energy of the dihydrino molecule (Eq. (24)) 
continuously increases as a function of p. Thus, as p approaches 24 (he 

reaction of = !//>) to form H] by the reaction with a 



proton has a low activation energy and releases a thousand times the 
energy of a typical chemical reaction. The reaction of 2H'(n~\/p) to 

10 form W T "|^2r'= ~~"J mav also occur by thermal decomposition (Eq. (36)) of 

the^ hydrino hydride compound. ! : or example, the reaction of the hydrino 
hydride ion //"(?»= I /24) (having a binding energy of about 0.6535 r\') with 

a proton (o form dihydrino molecule J/d2c'--~- (having the first 



binding energy of about 8.928 eV) and energy is 



2c'= -~^ J + 2500c V (4 1) 



1 5 //•(» = i/24)+ w -> //, 

24 

where the energy of the reaction is the sum of Lqs. (7) and (24) (which is 
the total energy of the product dihydrino minus the total energy of the 
reactam hydrino hydride ion). 

A.- -x f... . 1. _ . t.~ .1 > .J ~ :. .e 

' »-> — \./\Ullip»t, lilt. IIJVIUXM UttUHljAOlUUII t)UII 

2 0 (us 1/24) to foim dihydrino molecule H'^2c' = j is 

2AO/> = !/24)— ^/^^ (42) 

where M* is the cation of the hydrino hydride ion. A/ is the reduced 
cation, and the energy of the reaction is essentially the sum of two times 
Eqs. (7) and (24) (which is the total energy of the product dihydrino 

2 5 minus the total energy of ibe two reactnnt hydrino hydride ions). 

One application of a hydrino hydride compound is as an explosive. 
The hydrino hydride ion of the compound reacts with a proton to form 
dihydrino (Rq. (41)). Alternatively, the hydrino hydride compound 
decomposes to form dihydrino (e.g. Eq. (42)). These reactions release 

3 0 explosive power. 

In the proton explosive reaction, a source of protons such as an acid 
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{Hh\HCl.HJSO„nrHNO)) or a super- acid 

( HF » Sbh\; HCl r 4/,C/,; UJO y F + " ",50, + £0,(s)) is utilized. An 
explosion is initiated by rapid mixing of the hydrino hydride ion 
containing compound with the acid or the super-acid. The rapid mixing 
5 may be achieved by detonation of a conventional explosive proximal to 
the hydrino hydride compound. 

In the a rapid thermal decomposition of a hydrino hydride 
compound to produce an explosive reaction, the decomposition may be 
caused by the detonation of a conventional explosive proximal lo the 
1 0 hydrino hydride compound or by percussion heating of the hydrino 

hydride compound. For example, a bullet may be tipped with a hydrino 
hydride compound which detonates on impact via percussion heating. 

„ In one preferred embodiment, the cation of the hydrino hydride 
ion in- the explosive is the lithium ion (Li 1 ) due to its low mass. 

1 5 Another application of the hydrino hydride compounds is as a solid, 

liquid, or gaseous rocket fuel. Rocket propcllanl power is provided by 
the reaction of hydrino hydride ion with a proton to form dihydrino (Uq. 
(41)) or by the thermal decomposition of hydrino hydride compounds to 
form dihydrino (e.g. £q. (42)). In the former case, a source of protons 

2 0 initiates a rocket propcllam reaction by the effective mixing 0 f the 

hydrino hydride ion containing compound with the source of protons. 
Mixing can be carried out by initiation of a conventional rocket fuel 
reaction. In the latter case, the rocket fuel reaction comprises a rapid 
thermal decomposition of hydrino hydride containing compound or 

2 5 increased binding energy hydrogen compounds. The thermal 

decomposition may be caused by the initiation of a conventional rocket 
fuel reaction or by percussion healing. In one preferred embodiment of 
the rocket fuel, the cation of the hydrino hydride ion is the lithium ion 
{/f„r) due to its low mass. 

3 0 One method to isolate and purify a compound containing a hydrino 

hydride ion of a specific p of Hq. (7) is by exploiting the different 
electron affinities of various hydrino atoms. In a first step, hydrino 
atoms are reacted with a composition of matter such as a metal other 
than an alkali or alkaline earth metal which reduces all hydrino atoms 

3 5 that form stable hydride ions except that it docs not react with to 
form //"(» =•!//>) for a given p where p is an integer, because the work 
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function of die composition of mailer is 100 high or the ficc energy of the 
reaction is positive. In a second step, the nonreactivc hydrino atoms arc 
collected and reacted with a source of electrons such as 3 plasma or an 
alkali or alkaline earth mclal to form H (n ~ I / p) t including 1/24), 
5 wherein hydrino atoms of a higher integer p of Eq. (7) arc nonreactivc 
because they do not form stable hydrino hydride ions. For example, an 
atomic beam of bydrinos is passed into a vessel comprising tungsten in 
the first stage, and is allowed to make p<23 hydrino hydride ions, and 
ihc non reactive hydrinos having p greater than 23 arc allowed to pass 

1 0 through to the second stage. In the second stage, only for p=24. a stable 

alkali or alkaline earth hydride is formed. The hydrino hydride ion 
H'(n-\lp). including W" (;i = I / 24), is collected as a compound by the 
methods described herein for the HYDRINO HYDRIDE REACTOR. 

Another suaiegy for isolating and purifying a compound containing 
t 5 a hydrino hydride ion of a specific p of Hq. (7) is by ion cyclotron 

resonance spectroscopic methods. En one embodiment, the hydrino 
hydride ion of ihc desired p of Co,. (7) is captured in an ion cyclotron 
resonance instrument and its cyclotron frequency is excited to eject die 
ion such that it is collected. 

20 

According 10 one embodiment of the present invention, catalysts 
are provjue<J winch react with ordinary hydride ions and hydrino 
hydride ions to form increased binding energy hydride ions. In addition, 

2 5 catalysts are provided which react with two-electron atoms or ions to 

form increased binding energy two-electron atoms or ions. Catalysis arc 
also provided which react wiih three-electron atoms or ions to form 
increased binding energy three-electron atoms or ions. In all cases, the 
reactor comprises a solid, molten, liquid, or gaseous catalyst; a vessel 

3 0 containing the reoctant hydride ion. or two- or three-electron atom or 

ion; and the catalyst. The catalysis occurs by reaction of the rcaciani 
with the catalyst. Increased binding energy hydride ions arc hydrino 
hydride ions as previously defined. Increased binding energy two- and 
three-electron atoms and ions are ions having a higher binding energy 
3 5 than the known corresponding atomic or ionic species. 

Hydrino hydride ion H'{M p) of a desired p can be synthesized by 
reduction of the corresponding hydrino according 10 Eq. (8). 
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Alternatively, a hydrino hydride ion can be catalyzed to undergo a 
transition to an increased binding energy state to yield the desired 
hydrino hydride ion. Such a catalyst has a nei enthalpy equivalent to 
about the difference in binding energies of the product and the reactant 
<> hydrino hydride ions each given by l:q. (7). For example, the caialyst for 
ihc reaction 

where p and m are integers has an enthalpy of aboul 

Binding finer gy of // | — - — ]- Binding Energy of // ] ~ j (44) 
\p+>») VP) 

1 0 where each binding energy is given by Fq. (7). Another catalyst has a 

net enthalpy equivalent to the magniludc of the initial increase in 
potential energy of the reactant hydrino- hydride ion corresponding to an 
increase of its ceniral field by an integer m For example, the catalyst for 
the reaction 

where p and m are integers has an enthalpy of about 

where n is pi. r is the elementary charge. r u tlie permit tiviiy of vacuum. 

m>d f »c ihr> r rutin < of H ii / n\ oiv^n hv Pr» /^H 

• -• • "■■ ~s r *-*/■ 

2 0 A catalyst for the transition of any atom. ion. molecule, or 

molecular ion to an increased binding energy slate has a net enthalpy 
equivalent to the magnitude of the initial increase in potential energy of 
the reactant corresponding to an increase of its central field by an 
integer w. For example, the catalyst for the reaction of any two-electron 
2 5 atom with Z>2 to an increased binding energy slate having a final 
central field which is increased by ;#i given by 

Two Flection Atom iZ) - > Two Election Atom (Z + m) (47) 
where 2 is the number of protons of the atom and m is an integer has an 
enthalpy of about 

30 HZ-UmV (48 

where r is the radius of the two electron atom given by F.q. (7.19) of '96 
Mills GUT. The radius is 
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\Z-l Z(Z-\)) 



(49) 



where a, is the Bohr radius. A caialyst for the reaciion of lithium to an 
increased binding encigy state having a final central field which is 
increased by ,„ has an enthalpy of about 

4«,r, (50) 
where r, is the radius of the third electron of lithium given by Eq. 
(10.13) of '96 Mills GUT The radius is 



WW] 



(51) 



I 0 



1 5 



>V--2.S559<i„ 

A catalyst for the reaciion of any three-electron atom having / > 3 t0 an 
inaeasetl binding energy stale having a final central field which is 
increased by ,„ has an enthalpy of about 



(g : 2 tin)?* 



(52) 



where r, is the radius of the third electron of the ihree electron atom 



p; i- of '96 MilSs CUT. The radius is 

t 

'3 " * 



(53) 



(2-2)- 



where r, Hie radius of electron one and electron two given by Eq. (49,. 
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13.1 I dentifica tion of Hvdrinos . Dihydrinos. a mi H ydrino Hydr ide Ions 
by XPS (X__r ay Photoelccuon Spectrosco py) 

XPS is capable of measuring the binding energy. E b > of each electron 
of an atom. A photon source with energy E hy is used to ionize electrons 
from the sample. The ionized electrons are cmitled with energy E iiHft< : 

E lM *E„-E.-E. (54) 
where £ is a negligible recoil energy. The kinetic energies of the emitted 
electrons 3tc measured by measuring the magnetic field strengths 
necessary to have them hit a detector. E iimm and E hr are experimentally 
known and aie used to calculate £ k , the binding energy of each atom. 
Thus. XPS inconirovenibly identifies an atom. 

Increased binding energy hydrogen compounds ;irc given in the 
Addiiiona! Increased Binding Energy Compounds Section. The binding 
energy ol various hydrino hydride ions and hydrinos may be obtained 
according to \l<\. (7) and Eq. (1), jcspeciively. XPS was used 10 confirm 
the production of the n-\f'l lo n--I/K6 hydrino hydride ions, 
f;,, = ycVxo 73 rV, the »^l/2 lo n \ f 4 hydrinos, E h = 54.4 eV to 7 I7.6 eV m and 
the n-\n. lo /i-IM dihydrino molecules, E h - 62.3 to 2*18 eV . "in the case 
of hydrino atoms and dihydrino molecules, this range is the lowest 
magnitude in energy. The peaks in this range arc piedicied to be the 
most abundant. In the case of hydrino hydride ion, n-l/lG is the most 
stable hydrino hydride ion. Thus, XPS of the energy range 
E b = 3 <rVto 73 eV detects these states. XPS was performed on a surface 
wilhoul background interference to these peaks by the cathode. Carbon 
has essentially zero background from 0 *>V to 287 tV as shown in FIGURE 
10. Thus, in the case of a carbon cathode, there was no interference in 
the /* = 1/2 to /j- 1/16 hydrino hydride ion, the n~ \!2 lo h-I/4 hydrino, 
and the n = 1/ 2 to n = ) M dihydrino peaks. 

The hydrino hydride ion binding energies according lo Eq. (7) are 
given in TABLE 1, hydrino binding energies according to Eq. (I) appeal in 
TABLE 2, and dihydrino molecular binding energies according to Eq. (31) 
are given in TABLE 3. 



TABLE 2. The representative binding energy of the hydrino atom as a 
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function of /i, Eq. (I). 



t: h (cv> 



13.6 
54. 4 



J 0 - 122.4 



217.6 



1 5 TAB LB 3. The representative binding energy 0 f ihc dihydrino molecule 
as a function of /j, liq. (31). 



2 0 



25 



n 


/•„ (eV) 


1 


15.46 


! 


62 3 


2 


3 


139.5 


1 


248 


4 





3 0 13.LI Experimental Method of Hydrino Atom and Dihydrino Molecule 

identification by XPS 



A series of XPS analyses were made on a carbon cathode used 



in 
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electrolysis of aqueous potassium caibonaic by the Zenlcmoyer Center 
for Surface Studies, Sinclair Laboratory, Lehigh University to identify 
hydrino and dihydrino binding energy peaks wherein the sample was 
thoroughly washed to remove water soluble hydrino. hydride compounds. 
A high quality spectrum was obtained over a binding energy range of 
300 to OcV. This energy region completely covers the C 2p region as well 
as the region around 35 tV which is the approximate location of the 
H{n = \J2) binding energy, 54 A cV, the region around 123 eV which is the 
approximate location of the ;i{n=l/3) binding energy, 122.4 < V, the region 
around 2\% eV which is the approximate location of the //</»= 1/4) binding 
energy, 217.6 <*V> the region around 63 cV which is the approximate 

location of the dihydrino molecule HAn - 7c - r-~± 



dihydrino molecule H'An r- ! - : 2c = 



1 0 



binding energy, 

62.3 eV. the region around M0*V which is the approximate location of the 

binding energy, 139 5 e y an( j me 

J 5 region around 750 eV which is the approximate location of the dihydrino 



molecule li] 



4 



binding energy, 24$ eV. 



Sample ffl. The cathode and anode each comprised a 5 cm by 2 
mm diameter high purity glassy carbon rod. The electrolyte comprised 
2 0 0.57 A/ K } CO } (F tiidiiouic 99.999%). The eiccuoiysis was per tanned at 
2.75 volts for three weeks. The cathode was removed from the cell, 
thoroughly rinsed immediately with distilled water, and dried with a 
stream. A piece of suitable size was cut from the electrode, mounted on 
a sample stub, and placed in the vacuum system. 

25 

13.1.2 Results and Discussion 



The 0 to 1200 eV binding energy region of an X-ray Photoelectron 
Spectrum (XPS) of a control glassy carbon rod is shown in FIGURE 10. A 
3 0 survey spectrum of sample fll is shown in FIGURE II. The primary 

elements are identified on the figure. Most of the unidentified peaks are 
secondary peaks or loss features associated with the primary elements. 
FIGURE 12 shows the tow binding energy range (0-285 eV) for sample 
#1. Shown in FIGURE 12 is the hydrino atom /f(n«l/2) peak at a binding 
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energy 0 f 54 cV, ihe hydrino mom //(» = l/3) al a binding energy 0 f 122.5 
eV, and (be hydrino atom W(„ = !M) al a binding energy of 218 cV. 
These broad labeled peaks are the ones of most interest because they fall 
near the predicted binding energy for the bydrino (n = l/2). 5'1.4 eV t 
5 (n = J/3). !22.4rV. and (/,^l/4), 2l7.6eV, respectively. Although the 

agreement is remarkable, it was necessary to eliminate all other possible 
known explanations before assigning the 54 eV, 122.5 cV, and 21 8 cV 
features to the bydrino, H{n s 1/2), H(n - I / 3) % and //<„=i/4). respectively. 
As shown below, each of these possible known explanations a*e 
! 0 eliminated. 

Elements thai potentially could give rise to a peak near 54 cV can 
be divided into three categories: !.) fine sirncturc or loss features 
associated with one of the major suifacc components, namely carbon (C) 
or potassium [K)\ 7. ) elements that have iheir primary peaks in the 

15 vicinity of 54 cV, namely lithium (Li); 3.) elements that have their 

secondary peaks in the vicinity of 54 eV, namely iron (/■>). In the case 
of fine stiucture or loss features, carbon is eliminated due 10 me absence 
of such fine structure or loss features associated with carbon as shown in 
the XPS spectrum of pure carbon, FIGURE 10. Potassium is eliminated 

2 0 because the shape of ihc 54 eV feature is distinctly different from the 
recoil feature as shown in FJGURR 14. Lithium ( Li) and iron (/V) arc 
eliminated due to the absence of the other peaks of these elements, some 
of which would appear with much greater intensity than the peak of 
about 54 eV (e.g. the 710 and 723 cV peaks of Ft are missing from the 

2 5 survey scan and the oxygen peak at 23 eV is too small to be due to UO). 

These XPS results are consistent with the assignment of the broad peak 
at 54 eV to the hydrino, H{n ~ I / 2). 

Elements that potentially could give rise to a peak near 122.4 cV 
can be divided into two categories: fine structure or loss features 

3 0 associated with one of the major surface components, namely carbon ( C); 

elements that have iheir secondary peaks in the vicinity of 122.4 eV, 
namely copper (Cir) and iodine {/). In the case of fine structure or loss 
features, carbon is eliminated due to the absence of such fine structure 
or loss features associated with carbon as shown in the XPS spectrum of 
3 5 pure carbon. FIGURE 10. The cases of elements that have their primary 
or secondary peaks in the vicinity of 122.4 eV arc eliminated due to the 
absence of the other peaks of these elements, some of which would 
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appear with much stealer intensity than the peak of about 122.4 c.V (e.g. 
the 620 ami 631 eV peaks of / are missing and the 931 and 951 eV 
peaks of Cu are missing). These XPS results are consistent with the 
assignment of the broad peak ai 122.5 eV to the hytfrino, /■/(« = 1/3). 
5 Elements thai polcmially could give rise to a peak near 217.6 cV 

can be divided into two categories: fine structure or loss features 
associated with one of the major surface components, namely carbon (C); 
fine structure or loss features associated with one of the major surface 
contaminants, namely chlorine (CI). In the case of Hue structure or loss 
JO features, carbon is eliminated due to the absence of such fine structure 
or loss features associated with carbon as shown in the XPS spectrum of 
pure caibon, FIGURE 10. The case of elements that have their primary 
peaks in the vicinity of 2 J 7.6 eV is unlikely because the binding energies 
of chlorine in this region are 199 eV and 201 cV which does not match 

1 5 the peak ai 217.6 eV. Moreover, the flat baseline is inconsistent the 

assignment of a chlorine recoil peak. These XPS results arc consistent 
with the assignment of the broad peak at 218 to //(«»1M). 

1 0 . Jia 0 
n ~ - 2c ~ 

2 2 

peak at a binding energy of 63 eV as shoulder on ihe Na peak. Shown in 

2 0 FIGURE 12 are the dihydrino // 7 T/i-~; 2c - -^1 molecular peak at a 

i . — -« 

binding energy of HO eV and the dihydrino H\]^n = »; 2c = —^J 

molecular peak at a binding energy of 249 eV. Although the agreement 
is remarkable, it was necessary to eliminate all other possible 
explanations before assigning the 63 eV, HO eV, and 249 eV features to 

25 the dihydrino, W ;j, |a L v» ^J T = I; 2^.^ J, 

H^ri = i; 2i'=^~ 0 -j, respectively. 

The only substantial eandidale element that potentially could give 
rise to a peak near 63 eV is 77; however, none of ihe other 77 peaks arc 
present, in the ease of the HO eV peak, the only substantial candidate 

3 0 elements are Zn and Pb. These elements are eliminated because both 

elements would give rise to other peaks of equal or greater intensity (e.g. 
413 eV and 435 eV for Pb and 1021 cV and 1014 cV for Zn) which are 



Shown in FIGURE 13 is the dihydrino ;/,* 



molecular 



and 
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absent. In the case of .he 249 eV peak. , hc only substantial candidate 
clement is fib. This element is eliminated because it would give .ise to 
otber peaks of e<)..nl or greater intensity (e.g. 210. HI. and 112 fib 
peaks) which are absent. 

The XPS results are consistent with the assignment of the shouldet 
a. 63 eV ,o //; n = l 2 c,^J. ,he split peaks a. 140 eV ,o 

n=---:2c =— °S. . an d the split peaks at 249 eV to « 3 j» = i ; 2c 

These results agree with the predicted binding energies given by Pa (31) 
as shown in TABLE 3. 

Hyd.ino atoms and dihydtino molecules may bind with hydrino 
hydr.de ions forming compounds such as MM. where ,, is an integer 
This h demonstrated in ,he Identification of Hydrino Hydride Compounds 
by l»n»c-Of-Flight-Sccondary-lon-Mass-Spcctroscopy (TOPSIMS) Section 
and represents novel chemistry. The presence of hydrino and dihydr.no' 
peaks ,s enhanced by .he presence of platinum and palladium on this 
sample wh.ch can form such bonds. The abnormal breath of the peaks 
sh.fl.ng of .heir energy, and the splitting D f peaks is consistent wiih this 
type of bonding 10 muliiple elements. 

13.1.3 Experimental Method of Hydrino Hydr.de Ion Identification bv 



XPS 



A series of XPS analyses were made on a carbon cathodes used in 
electrolysis of aqueous potassium carbonate and on crystalline samples 

2 5 by the ZcMle.noyer Center for Surface Studies. Sinclair Laboratory 

Lehigh University, to idcn.ify hyd.ino hydride ion binding cnersv' peaks 
A high quality spectrum was obtained over a binding energy range of 0 
to 300 eV. This energy region completely covers the C 2p resion^and the 
region around the hydrino hydride ion binding energies 3<rV (//-(„- 1/2)) 

3 0 to TUV <«<„=», 16)). (In some cases, the region around 3 eV was 

difficult to obtain due to sample charging). Samples «2 and «3 were 
prepared as follows: 



35 



13.1.3.1 Carbon Electrode Samples 
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Sample f/2. The caihodc and anode each comprised a 5 cm by 2 
mm diameter high purity glassy carbon rod. The electrolyte comprised 
0.57 M K,CO> (Purauonic 99.999%). The electrolysis was performed al 
2.75 volis for three weeks. The cathode was removed from the cell, 
5 rinsed immediately with distilled water, and dried with a N2 stream. A 
piece of suitable s^c was cut from the elcctiodc, mounted on a sample 
stub, and placed in the vacuum system. 

Sample #3. The remaining portion of the electrode of sample 02 
I 0 was stored in a sealed plastic bag for three months at which time a piece 
of suitable si^c was cut from the electrode, mounted on a sample stub, 
placed in the vacuum system, and XPS scanned. 

J3.I.3.2 Crystal Samples from an Electrolytic Cell 

1 5 llydrino hydride compounds were prepared during the electrolysis 

of an aqueous solution of K 7 C(\ corresponding to the catalyst K y t K\ The 
cell comprised a 10 gallon (33 in. x 15 in.) Nalgcne tank (Model ff 54100- 
0010). Two 4 inch long by 1/2 inch diameter terminal bolts were 
secured in the lid, and a cord for a calibration heater was inserted 

2 0 through the lid. The cell assembly is shown in FIGURE 2. 

The cathode comprised 1.) a 5 gallon polyethylene bucket which 
served as a perforated (mesh) support sirueiuie where 0.5 inch holes 
were drilled over al; surfaces at 0.75 inch spacings of the hole centers 
and 2.) 5000 meicrs of 0.5 mm diameter clean, cold drawn nickel wire 
. 25 (Nl 200 0.0197", I1TN36NOACI. Al Wire Tech/ Inc.). The wire was 

wound uniformly around the outside of the mesh support as 150 sections 
of 33 meter length. The ends of each of the 150 sections were spun to 
form three cables of 50 sections per cable. The cables were pressed in a 
terminal connector which was bolted 10 the cathode terminal post. The 

3 0 connection was covered with epoxy to prevent corrosion. 

lhe anode comprised an array of 15 platinized titanium anodes {10 
- Engelhard Pt/Ti mesh 1.6" x 8" with one 3/<T by T stem attached to 
the 1.6" side plated with 100 U scries 3000; and 5 - Engelhard r 
diameter x 8" length titanium lubes with one 3/4" x 7" stem affixed to 
3 5 the interior of one end and plated with 100 U Pi scries 3000). A 3AT 

wide tab was made at the end of the stem of each anode by bending it at 
a right angle to the anode. A 1/4" hole was drilled in the center of each 
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lab. The tabs were boiled to a 12.25" diameter polyethylene disk 
(Rubbermaid Model 3JN2-2669) cqoidislantty around the circumference. 
Thus, an orray was fabricaied having ihc ) 5 anodes suspended from the 
disk. The anodes were bolted with 1/4" polyethylene boils. Sandwiched 
5 between each anode tab and die disk was a flattened nickel cylinder also 
bohed to the tab and the disk. The cylinder was made from a 7.5 cm by 
9 cm long x 0.125 mm thick nickel foil. The cylinder traversed the disk 
and the other end of each was pressed about a 10 AWG/600 V copper 
wire. The connection was sealed with shrink tubing and epoxy. The 
10 wires were pressed into two terminal connectors and bolted to the anode 
terminal. The connection was covered with cpoxy to prevent corrosion. 

Before assembly, the anode array was cleaned in 3 M HCL for 5 
minutes and rinsed with distilled water. The cathode was cleaned by 
placing it in a tank of 0.57 M KXO,t3% J/,0, for 6 hours and then rinsing 

1 5 it with distilled water. The anode was placed in the support between ihe. 

central and outer cathodes, and the electrode assembly was placed in the 
tank containing electrolyte. The power supply was connected io the 
terminals with battery cables. 

The electrolyte solution comprised 28 biers of 0.57 M KAO (Alfa 

2 0 K.CO, 99+%). 

The calibration heater comprised a 57.6 ohm 1000 watt Incolloy 
800 jacketed Nicbroine heater which was suspended from the 
polyethylene disk of the anode array. 1< was powered by an invar 
constant power (i 0.1% supply (Model ,'fTP 36-18). The voltage {+ 0.1%) 

2 5 and current (+ 0.1%) were recorded w,di a . Fluke 8600A digital 

multimeter, 

Electrolysis was performed at 20 amps constant current with a 
constant current (± 0.02%) power supply (Kepco Model « ATE 6 • I00M). 
The voltage (± 0.1%) was recorded wiiU a Fluke 8600A digital 

3 0 multimeter. The current (1 0.5%) was read from an Ohio Semi ironies 

CTA 101 current transducer. 

The temperature (+ 0.1 <>C) was recorded with a microprocessor 
thermometer Omega HH2) vsing a type K thermocouple which was 
inserted through a 1/4" hole in the tank lid and anode array disk. To 
3 5 eliminate the possibility that temperature gradients were present, the 
temperature was measured throughout the lank. No position variation 
was found to within the detection of the thermocouple 
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(± 0.) °C). 

The temperature rise above ambient {6T=T{elcaroiysisonly)-T(blank)) 
and electrolysis power were recorded dally. The heating coefficient was 
determined "on the fly'' by turning an interna! resistance heater off and 
5 on. and inferring the cell constant from the difference between the losses 
with and without the heater. 20 watts of healer power were added to 
the electrolytic cell every 72 hours wheic 24 hours was allowed for 
steady stale to be achieved. The temperature rise above ambient 
(&T 2 = T(e!cctrolysii + heaur)~Tibhnk)) was recorded as welt as the 
I 0 electrolysis power and heater power. 

In all temperature mcasuiemenis, the "blank" comprised 28 liters 
of water in a 10 gallon (33" x 15") Nalgene tank with lid (Model tf54l00- 
001*0). The stirrer comprised a I cm diameter by 43 cm long glass rod to 
which an 0.8 cm by 2.5 cm Teflon half moon paddle was fastened at one 

1 5 end. The other end was connected to a variable speed stirring motor 

(Talboys Instrument Corporation Model */ I075C). The stirring rod was 
rotated at 250 RPM 

The "blank" (nonelecwolysis cell) was stirred to simulate stirring in 
the electrolytic cell due to gas sparging. The one watt of heat from 

2 0 stirring resulted in the blank cell operating at 0.2 °C above ambiem. 

The temperature (± 0.1 °C) of the "blank'* was recorded with a 
microprocessor thermometer (Omega HH21 Series) which was inserted 
through a 1/4" hole m the tank lid. 

A cell thai produced 6.3*10*./ of enthalpy of formation of 

2 5 increased binding energy hydrogen compounds was operated by 

BlackLight Power, Inc. (Malvern, PA), hereinafter " BLP Electrolytic Cell". 
The cell was equivalent to that described herein. The cell description is 
also given by Mills ct al. |R. Mills, W. Good, and R. Shaubach. Fusion 
Technol. 25, 103 (1994)) except that it lacked the additional central 

3 0 cathode. 

Thcrmacore Inc. (Lancaster, PA) operated an electrolytic cell 
described by Mills et al. JR. Mills, W. Good, and R. Shaubach. Fusion 
Technol. 25, 103 (199<1)} herein after "Thcrmacore fclectrolytic Cell". This 
cell had produced an enthalpy of formation of increased binding energy 
3 5 hydrogen compounds of L6 X 10* J thai exceeded the total input enthalpy 
given by the product of the electrolysis voltage and current over time by 
a factor greater than 8. 
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Crystals were obtained from the electrolyte as samples #4 35 3 6 
#7. #8. #9. and 39A: 

5 Sample 34. The sample was prepared by filtering the K,CO, 

electrolyte of the BLP Blectrolyt.c Cell described in the Crystal Samples 
from an Electrolytic Cell Section with a Whatman 1 10 mm filter paper 
(Cat. No 1450 110) to obtain white crystals. XPS was obtained by 
mounting the sample on a polyethylene support. Mass spectra (mass 
1 0 spectroscopy electrolytic cell sample M) and TOFSIMS (TOFSIMS sample 
#5) were also obtained. 

Sample #5. The sample was prepared by acidifying (he K CO 
electrolyte from .be BLP Electrolytic Cell with UNO,, and concentrating 

1 5 the acidified solution until yellow-white crystals formed on standi,,., at 

room temperature. XPS was obtained by mounting the sample on a" 
polyethylene .support. The mass spectra of a similar sample (mass 
spectroscopy electrolytic cell sample «3), TOFSIMS spectra (TOFSIMS 
sample 36). and TGA/DTA (TGA/DTA sample 32) was also obtained 

20 

Sample «6. The sample was prepared by concentrating the K,CO, 
electrolyte from the Thermacore Electrolytic Cell described in the Crystal 
■Samples from an FJcctrolytic Cell Section until yellow-white crystals just 
formed. XPS was obtained by mounting the sample on a polyethylene 

2 5 support. XRD (XRD sample #2). TOFSIMS (TOFSIMS sample #1), FTIR 

(FTIR sample #1), NMR (NMR sample #1). nSlTOFMS(ESITOFMS sample 
#2) were also performed. 
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Sample 37. The sample was prepared by concentrating 300 cc of 
the X\CO, electrolyte from the BLP Elccolyiic Cell using a ro(aiy 
evaporator a, 50 °C until a precipitate jus. formed. The volume was 
about 50 cc. Additional electrolyte was added while heating at 50 °C 
until the crystals disappeared. Crystals were then grown over three 
weeks by allowing the saturated solution to stand in a scaled round 
3 5 bottom Bask for three weeks at 25°C. The yield was 1 «. The XPS 
spectrum of the crystals was obtained by mounting thc° sample on a 
polyethylene snp po „. Jhe TOFSIMS (TOFSIMS sample #8), »ff NMR (»X 
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NMR sample iil), Raman spectroscopy (Raman sample JM), ami 0S1TOFMS 
(GSITOFMS sample ff3) were also obtained. 

Sample »8. The sample was prepared by acidifying 100 cc of the 
5 K 3 CO, electrolyte from the BLP Electrolytic Cell with H^SO,. The solution 
was allowed to stand open for three months at room temperature in a 
250 ml beaker. Fine while crystals formed on the walls of the beaker by 
a mechanism equivalent to thin layer chromatography involving 
atmospheric water vapor as the moving phase and the Pyrex silica of the 
I 0 beaker as the stationary phase. The crystals were collected, and XPS was 
performed. TOFSIMS (TOFSIMS sample #11) was also performed. 

- .Sample 119. The ca.hode of a K,CO, electrolytic cell run at Idaho 
National Engineering laboratories (INEl.) for 6 months that was identical 
I 3 to that of described in the Crystal Samples from an Electrolytic Cell 
Section was placed in 28 liieis of 0.6M /C,CCV»0% >/,<?,. 200 cc of the 
solution was acidified with UNO,. The solution was concentrated to 100 
cc and allowed to stand for a week until large clear pentagonal crystals 
formed. The crystals were filtered, and XPS was performed 

20 

Sample »9A. The cathode of a K,CO. electrolytic cell run at Idaho 
National Engineering Laboratories (INEL) for 6 months that was identical 
to that of described in the Crystal Samples from an Electrolytic Cell 
Section was placed in 28 liters of 0.6M K,CO y /\Q% HA. 200 cc of the 
solution was acidified with WO,. The solution was allowed to stand open 
for three months at room temperature in a 250 ml beaker White 
nodular crystals formed on the walls of the beaker by a mechanism 
equivalent to thin layer chromatography involving atmospheric water 
vapor as ihc moving phase and the Pyrex silica of the beaker as the 
stationary phase. The crystals were collected, and XPS was performed. 
TOFSIMS (TOFSIMS sample #12) was also performed. 

13.1.4 Results and Discussion 

3 5 The low binding energy ran| e (0-75 cV) of the glassy carbon rod 

cathode following electrolysis of a 0.57M K,CO, electrolyte before (sample 
«2) and after (sample « 3) storage for three months is shown in FIGURE 



2 5 



30 



WO 99/0S73S 



PCi7U.S?8/l402» 



I 02 



14 and FIGURE 15. respectively. For .he sample scanned immediately 
following elec.rolysis, the position of the potassium peaks K and the 
oxygen peak. O. are identified in FIGURE 14. The high ^solution XPS of 
the same electrode follow.ng three months of storage is shown in FIGURF 
15. The hydrmo hydride ion peaks H (n = l/p) for p = 2 t0 ,,= 12. , hc 
potassium peaks, K . and the sodium peaks. No. and .he oxygen peak 0 
(wh.ch ,s a minor contributor since i, must be smaller than the potassium 
peaks) are identified in FIGURF 15. (Further hydrino hydride ion peaks 
to P , 16 were identified in .he survey scan in the region 65 eV . 0 73 e V 
(no. show,,)). The peaks a. .he positions of .he predicted binding 
energ.es of hydiiwo hydride ions significantly increased while the 
potassium peaks a, 18 and 34 significantly deceased relatively Sodium 
peaks a. 1072 e.V and 405 eV (in ,he survey scan (no. shown)) 64 eV 
and .31 eV (FIGURF 15) also developed with" s.orage. The mechanism of 
the enhancement of .he hydrino hydride ion peaks on s.ora-c is crys.al 
growth from .he bulk of .he. electrode of a predominantly sodium 
hydrmo hydride. (X-ray diffraction of crystals grown on a stored nickel 
ca.hode showed peaks .ha. could no. be assigned .o known compounds 
as given m .he Identification of Hydrino Hydride Compounds by XRD 
Sec.ion.) These changes with storage substantially eliminate impuri.ics 
as .he source of .he peaks assigned .o hydrino hydride ions since 
.mpurr.y peaks would broaden and decrease in in.ensi.v due to oxidation 
if any change would occur a. all. 

Isolation of pure hydrino hydride compounds from .he clcc.roly.e 
.s .he means of eliminating impurities from the XPS sample which 
concomitantly dispositively eliminates impurities as an alternative 
assignment .o .he hydrino ltydr.de ion peaks. Samples #4. #5 and #6 
were ponf.ed from a K,CO> electrolyte. The survey scans are shown in 
FIGURES 16. 18. and 20. respectively, wi.h the primary elements 
.denuded. No impurities me present in .he survey scans which can be 
assigned .o peaks ... the low binding energy region with .he excep.ion of 
sodium a. 64 and 31 eV. potassium a. 18 and 34 cV. and oxygen at 23 
eV. Accordingly. any olhcr peak$ in , his rcgion mu$ , bc du<; ^ ^ 
compositions. 

The hydrino hydride ion peaks ff-(—l/ p ) f or p = 2 t0 p = 16 am , |he 
oxygen peak. O. aie identified for each of .he samples #4. #5, and »6 in 
FIGURES 17. 19, and 21. respectively. In addition, the .sodium peaks, Na 
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of sample JM and sample ti$ arc identified in FIGURE 17 and FIGURE 19, 
respectively. The potassium peaks. K. of sample 85 and sample # 6 are 
identified in FIGURE 19 and FIGURE 21 , respectively. The low binding 
energy, range (0-75 eV) XVS spectra of crystals fiom a 0.57M ff.CO, 
5 electrolyte (sample *M, #5. ti6, and #7) are supeiimposcd in FIGURE 22 
which demonstrates that the correspondence of the hydrino hydride ion 
peaks from the different samples is excellent. These peaks were not 
present in the case of the XPS of matching samples except that Mi ? C0, 
replaced K 7 CO } ns the electrolyte. The crystals of sample 85 and sample 

1 0 #6 had a yellow color. The yellow color may be due to the continuum 

absorption of «"{«= 1/2) in the near UV, 107 nm continuum. 

During acidification of sample Jf5 the pH repetitively increased 
from 3 to 9 at which time additional acid was added with carbon dioxide 
release. The increase in pH (iclease of base by the solute) was 
\ 5 dependent on the temperature and concentration of the solution. This 
observation was consistent with HCO; release from hydrino hydride 
compounds such as KUKHCOy given in the Identification of Hydrino 
Hydride Compounds by Ti me- Of- Flight-Secondary- Ion- Mass- 
Spcciroseopy (TOPS IMS) Section. A reaction consistent with this 

2 0 observation is the displacement reaction of NO; for HCO^ or CO; . 

The data provide the identification of hydrino hydride ions whose 
XPS peaks can not be assigned to impurities. Several of the peaks are 
split such as the I M), //'(«=-- 1 / 5). //f> = l/8). H{n^\/\0l and 

H'{n-\n\) peaks shown in FIGURE 17. The splitting indicates thai 
2 5 several compounds comprising the same hydrino hydride ion are present 
and further indicates the possibility of bridged structures of the 
compounds given in the Identification of Hydrino Hydride Compounds by 
Time Of-Fljght-SccondaryTon-Mass-Spectroscopy (TOFSIMS) Section 
such as 



including dimcrs such as xy/ ? and Na^H,. FIGURE 18 indicates a water 
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soluble nickel compound (M is present in ihc survey scan of sample «5). 

peak is shown in ihc 0-75 eV scan 



Furlheimorc, ihc /•/,' n = ;2c'=- 
I 2 2 

of sample #5 (FIGURE 19). The XPS and TOFSIMS results are consistent 
in the identification of metal increased binding cner«y hydrogen 
compounds AW. where „ is an integer. M is a metal, and // is an 
increased binding energy hydrogen species. For example, a structure for 



c 




The large sodium peaks of the XPS of .he stored carbon cathode of a 
K.CO y electrolytic cell (sample S3) and .he crystals from a K,CO, 
clcc.roly.e (sample »4) indicate that hydr.no hydride compounds 
preferentially form with sodium over potassium. The hydrino hydride 
ion peak H („=f/ 8) showil in RGURES 15. .9. and 21 a, a binding energy 
of 36.1 cV is b.oad due lo a contribution from ihc loss feature of 
potassium at 33 ,V .ha. superimposes the hydiino hydride ion peak 
H («=l/8) m these XPS scans. The data further indicate that the 
distribution of hydr.no hydr.de ions lends to successively lower states 
over time. Prom Eq. (7). the most stable hydrino hydride ion is 
// 0.= I/I6) which is predicted to be the favored product over time. No 
hydrino hydr.de ion stales of higher binding energy were detected. 

The stacked high resolution X ray Pboioclcciron Spectra (XPS) (0 to 
75 eV binding energy ieg i 0 „) ,„ lhc order from bottom to top of sample 
«8. sample «9. and sample «9A is given in FIGURE 23. The hydrino 
hydr.de ions //•{»» for y> = 3 to ,= 16 were observed. In each case 
.he intensity of the hydrino hydride ion peaks were observed to increase 
relat.ve to the starting material. The spectrum for sample #9 confirms 
that hydr.no hydride compounds were purified by acidification with 
m.nc ac,d followed by precipitat.on. The spectra for sample 08 and 
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sample #9A confirm tha{ hydrino hydride compounds were purified by a 
mechanism equivalent to thin layer chromatography involvmg 
atmospheric water vapor as the moving phase and ihc Pyrex silica of the 
beaker as the stationary phase. 

5 

13-2 Ili^ific.ajjoiuoX^^ 

Spectroscopy 

Elemental analysis of the electrolyte of the 28 liter K J CO % BLP 
I 0 Electrolytic Cell demonstrated that the potassium content of the 

electrolyte had decrease from the initial 56% composition by weight to 
33% composition by weight. The measured pi I was 9.85; whereas, the p)l 
at die initial time of operation was 115 The pH of the Thermacoic 
Electrolytic Cell was originally )1.5 corresponding to the K£0> 

1 5 concentration of 0.57 M which was confirmed by elemental analysis. 

Following the 15 month continuous energy production run, the pH was 
measured to be 904, and ii was observed by diymp the electrolyte and 
weighing it that over 90% of the electrolyte had been lost from the cell. 
The loss of potassium in both cases was assigned 10 the formation of 

2 0 volatile potassium hydrino hydride compounds whereby hydrino was 

produced by catalysis of hydrogen atoms that then leacted with water to 
form hydrino hydride compound and oxysren. The reaction is: 

2W [^]" f H *°-* 2ir l u ri* 7tr + (55) 

2/T Q fp)n 2/C ? C O, + 21V -> IKHCOy +2KH{\ I p) (56) 



25 



This reaction is consistent with the elemental analysis (Galbraith 
Laboratories) of the electrolyte of the .BbckLsghl Power, Inc. cell as 
predominantly KHCO x and hydrino hydride compounds including 
KH[\fp) mt where n is an integer, based on the excess hydrogen content 
30 which was 30% in excess of that of KHCO> (1.3 versus I atomic percent). 
The volatility of KH(\fp\, where n is an integer, would give rise to a 
potassium deficit over time. 

I he possibility of using mass spectroscopy to detect volatile 
hydrino hydride compounds was explored. A number of hydrino 
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hydride compounds were identified by mass spectroscopy by forming 
vapors of heated crystals frum electrolytic cell, gas cell, gas discharge 
cell, and plasma torch cell hydrino hydride reaciois. In all cases, hydrino 
hydride ion peaks were also observed by XPS of ihe crystals used For 

5 mass spectroscopy that were isolated from each hydrino hydride reactor 
For example, the XI\S of the crystals isolated from the electrolytic cell 
hydride reactor having the mass spectrum shown in FIGURES 25A-25D is 
shown in FIGURE 17. The XFS of the crystals isolated from the 
electrolytic cell hydride reactor by a similar procedure as the crystals 

0 having the mass spectrum shown in FIGURE 24 is shown in FIGURE 19. 

13.2.1 Sample Collection and Preparation 

A reaction for preparing hydrino hydride ion-contninin" 
5 compounds js given by Eq. (8). Hydiino atoms winch react to form 

hydrino hydride ions may be produced by 1.) an electrolytic cell hydride 
reactor. 2.) a gas eel! hydrino hydride reactor. 3.) a gas <Jischni«e cell 
hydrino hydride reactor, or 4.) a plasma torch cell hytlriiro hydride 
reactor. Each of these reactors was used to prepare crystal samples for 
0 mass spectroscopy. The produced hydrino hydride compound was 
collected directly, or was purified from solution by precipitation ami 
reciystallixation. In the case of one electrolytic sample, the K.CO, 
c!cc;rc?yie was made livi In UNO x and acidified with UNO* before crystals 
were precipitated. In two other electrolytic samples, the K 7 CO x 
5. electrolyte was acidified with HNO, before crystals were precipitated on 
a crystallization dish. 

1 3.2. 1. 1 Electrolytic Sample 

Hydrino hydride compounds were prepared during the electrolysis 
0 of an aqueous solution of K : CO y corresponding to the transition catalyst 
K" / K\ The cell description is given in the Crystal Samples from an 
Electrolytic Cell Section. The cell assembly is shown in FIGURE 2. 

Crystal samples were obtained from the electrolyte as follows: 

5 J.) A control electrolytic cell that was identical to the expciimental 

cell of 3 and 4 below except thai M»,C0, replaced K y CO y was operated at 
Jdaho National Engineering Laboratory (INEL) for 6 months. The Na,CO x 
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electrolyte was concentrated by evaporation until crystals Formed. The 
crystals were analyzed at BlackLight Power, Inc. by mass spectroscopy. 

2. ) A fnither contiol comprised the K 7 CO y used as the electrolyte of- 
5 the IN EL tf,CO, electrolytic cell (Alfa K 7 CO t 99±%). 

3. ) A crystal sample was prepared by: 1.) adding UNQ^ to the K,CO y 
electrolyte from the BLP Electrolytic Cell to a final concentration of 1 M; 
2.) acidifying the solution with //fV0 3 , and 3.) concentrating the acidified 

10 solution until yellow-white crystals formed on standing at room 

temperature. XPS and mass spectra were obtained. XPS (XPS sample 
#5). TOFSIMS (TOFSIMS sample 1/6), and TGA/DTA (TCA/DTA sample K2) 
of -similar samples were performed. 

1 3 4 -) A c '7"al sample was prepared by filtering the K 2 CO x electrolyte 

from the 1.1 LP Electrolytic Cell with a Whatman UO mm filter paper (Cat. 
No. 1450 HO). In addition to mass spectroscopy, XPS (XPS sample tf4> 
and TOFSIMS (TOFSIMS sample #5) were also performed. 

20 5 ) nnd 6 ) Tw ° crystal samples were prepared from the electrolyte 

of the Thermacore Electrolytic Cell by I.) acidifying 400 cc of the KXO, 
electrolyte with HNO„ 2.) concentrating the acidified solution to a volume 
of 10 cc, 3.) placing the concentrated solution on a crystallization dish, 
and 4.) allowing crystals to form slowly upon standing at ioom 

2 5 temperature.. Yellow-white crystals formed on the outer edge of the 

crystallization dish. In addition to mass spectroscopy, XPS (XPS sample 
tflO). XRD (XRD samples S3A and #3B). TOFSIMS (TOFSIMS sample #3), 
and FTIR (FTIR sample #4) were also performed. 

3 0 13.2.2.2 Gas Cell Sample 

Hydrino hydride compounds were prepaied in a vapor phase 
cell with a tungsten filament and K! as the catalyst according to Hqs. (3- 
5) and the leduction to hydrino hydride ton (Fq. (3)) occurred in the ?as 
phase. Hbl was also used as a catalyst because the second ionization 
3 5 energy of rubidium is 27.28 eV. In this case, the catalysis reaction is 
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27. ?8 rl^ » /to 



-» My* +r" f 



(38) 



-t <T /rV +27.28 
And. ihc ovciall reaction is 



(59) 
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The high temperature experimental gas ceil shown in FIGURE 4 was used 
lo produce hydrino hydride compounds. Hydrino atoms were formed by 
hydrogen catalysis using potassium or lubidinm ions and hydrogen 
atoms in the gas phase. The cell was rinsed with deionized water 
following a reaction. The rinse was filtered, and hydrmo hydiide 
compound crystals were precipitated by concentration. 

The expetimenia] gas cell hydrino hydride reactor shown in FIGURE 
4 comprised a quanz cell in the form of a quart?, tube 2 five hundred 
(500) millimeters in length and fifty (50) millimetcis in diameter. The 
quart/, cell formed a reaction vessel. One end of the cell was necked 
down and attached to a fifty (50) cubic centimeter catalyst reservoir 3. 
The other end of the cell was fitted with a Conflat style high vacuum 
flange thai was mated to a Pyrex cap 5 with an identical Conflat style 
fiance. A high vacuum seal was maintained with a Viion O ring and 
stainless steel clamp. The Pyrex cap 5 included five glass-to-metal tubes 
for the attachment of a gas inlet line 25 and gas outlet line 21. two inlets 
22 and 24 for electrical leads 6. and a port 23 for a lifting rod 26. One 
end of the pair of electrical 'leads was connected to a tungsten filament }. 
The other end was connected to a Sorciiscn DCS 80-13 power supply 9 
controlled by a custom built constant power controller. Lifting rod 26 
was adapted to lift a quartz plug 4 separating the catalyst reservoir 3 
from the reaction vessel of cell 2. 

//, gas was supplied to the cell through the inlet 2^ from a 
compressed g as cylinder of ultra high purity hydiogen 11 controlled by 
hydrogen control valve 13. Helium gas was supplied to the cell through 
the same inlet 25 from a compressed gas cylinder of ultrahigh puriry 
helium 12 controlled by helium control valve 15. The How of helium and 
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hydrogen lo the cell is funhci controlled by mass flow controller 10. 
mass now con.roller valve 30. inlet valve 29, and mass flow coniroller 
bypass valve 31. Valve 31 was closed during filling of the cell. Excess 
gas was removed through the gas outlet 21 by a molecular drag pump 8 
5 capable of reaching pressures of 10" rorr controlled by vacuum pump 
valve 27 and outlet valve 28. Pressures were measured by a 0-1000 
torr Bara.ron pressure gauge Bn d a 0-100 torr Baratron pressure gauge 
7. The filament I was 0.381 millimeters in diameter and two hundred 
(200) centimeters m length. The filament was suspended on a ceramic 

10 support to maintain its shape when heated. The filament was resrstivcly 
heated using power supply 9. The power supply was capable of 
delivering a constant power to the filament The catalyst reservoir 3 was 
heated independently using a band healer 20. also powered by a 
• constant power supply. The entire quart?, cell was enclosed inside an 

15 insulation package comprised of Zicar AL 30 insulation M. Several K 
type thermocouples were placed in the insulation to measure key 
temperatures of the cell and insulation. The thermocouples were read 
with a multichannel computer data acquisition system. 

The cell was operated under flow conditions with a total pressure 

2 0 or less than two (2) ton of hydrogen or control helium via mass flow 
controller 10. The filament was healed to a temperature of 
approximately 1000-1400'C as calculated by its resistance. Th.s created 
a "hoi /.one' within the rp.au?. tube as well as atomuatkm of the 
hydrogen gas. The catalyst reservoir was heated to a temperature of 700 

2 5 "C lo establish the vapor pressure of the catalyst. The quartz phis <! 

separating the catalyst reservoir 3 from the reaction vessel 2 was 
removed using the lifting rod 26 which was slid about 2 cm through the 
port 23. This introduced the vaporized catalyst into the -hot zone- 
containing ,hc atomic hydrogen, and allowed the catalytic reaction to 

3 0 occur. 

As described above, a number of thermocouples were positioned to 
measure the linear temperature gradient in the outside insulation. The 
gradient was measured lor several know,, input powers over the 
experimental range with the catalyst valve closed Helium supplied from 
3 5 the tank 12 and controlled by the valves I5 : 29. 30. and 31, and flow 
controller 10 was flowed through the cell during the calibration where 
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the hebum pressure nnd (low rates were identical to those of hydrogen 
in the experimental cases The thermal gradient was determined to be 
l.nearly proportional to input power. Comparing an experimental 
gradient (catalyst valve open/hydrogen flowing) to the calibration 
5 gradient allowed the determination of the requisite power to generate 
thai gradient. J„ this way, calorimetry was performed on the cell to 
measure the heat output with a known input power. The data was 
recorded with a Macintosh based computer data acquisition system 
(PowcrCoropming PowerCenter Pro 180) and a National Instruments Inc 

10 Nl-DAQ PCI-MIO-I6X1S-50 Data Acquisition Board. 

Cnthalpy of catalysis from the gas energy cell having a o 3SCO us 
transition catalyst <*'/*•) was observed with low pressure hydrogen in 
the- presence of potassium iodide <*/) which was volatilized at the 
operating temperature of the cell. The enthalpy of formation of 

15 mcreased binding energy hydrogen compounds resulted in a steady slate 
power of about 15 watts that was observed from the quart, reaction 
vessel containing about 200 mtorr of Kl when hydro»on was flowed over 
the ho, tungsten filament. However, no excess enthalpy was observed 
when helium was (lowed over the hot tungsten filament o, when 

2 0 hydrogen was flowed over the ho, tungsten filament with no Kl present 
m the cell. In a separate experiment Kbl replaced Kl as the gaseous 
transition catalyst (Kb'). 

In another embodiment, the experimental gas cell hydrino hydride 
reactor show,, ,„ FIGURE 4 comp.ised a Ni fiber ma, (.10.2 g. Tibrex from 

2 5 Nat.onal Standard) inserted into the inside the quartz cell 2 The Ni mn 

was used as the //, dissociate which replaced the tungsten filament 1 
rhe cell 2 and the catalyst reservoir 3 were each independently encased 
by split type clam shell furnaces (The Mcllen Company) which replaced 
the Z.ca, AL-30 insulation M and were capable of operating , lp l0 , 20 0 

3 0 °C. I he cell and catalyst .eservou were heated independently with their 

heate.s to mdependen.ly control the catalyst vapor pressure and the 
tcact.on temperature. The H, pressure was ma.n.ained a, 2 ton a. a 
flow rate of -~. The Ni mat was maintained at 900 «C. and the Kl 
catalyst was maintained at 700 °C for !00 h. 

The following crystal samples were obtained from the cell cap or 
the cell: y 
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1.) and 2.) Crystal samples from two A7 catalysis run were 
prepared by L) rinsing the hydrino hydride compounds from ihe cap of 
the cell where they were preferentially cryopumped, 2.) filtering ihe 
5 solution to remove water insoluble compounds such as metal, 3.) 
concentrating the solution until a precipitate just formed with the 
solution at 50 °C, 4.) allowing yellowish- reddish- brown ciystals to form 
on standing at room temperature, and 5.) filtering and dryjns the 
crystals before the XPS and mass spectra were obtained. 

10 

3A.) and 3B.) Crystal samples were prepared by rinsing a dark 
colored band of crystals from the top of the cell that were cryopumped 
thcxe during operation of the cell. Ihe crystals were filtered and dried 
before the mass spectrum was obtained. 

J 5 

4. ) A crystal sample was prepared by J.) rinsing ,he Ki catalyst 
and hydrino hydride compounds from the cell with sufficient water thai 
all water soluble compounds dissolved, 2.) filtering ihe solution to 
remove water insoluble compounds such as metal, 3.) concentrating the 

2 0 solution until a precipitate just formed with the solution at 50 °C, 4.) 

allowing while crystals to form on standing at room temperature, and 5.) 
filtering and drying the crystals before the XPS and mass spectra were 
obtained. The crystals isolated from the cell and used for mass 
spectroscopy studies were recrystallized in distilled water to obtain high 

2 5 purity crystals for XPS. 

5. ) A crystal sample from a Kbl catalysis run was prepared by !.) 
rinsing the hydrino hydride compounds from ihe enp of the cell where 
they were preferentially cryopumped, 2.) filtering the solution to remove 

3 0 water insoluble compounds such as metal, 3.) concentrating the solution 

until a precipitate just formed with the solution at 50 °C\ 4.) allowing 
yellowish crystals to form on standing at room temperature, and 5.) 
filtering and drying ihe crystals before the XPS and mass spectra were 
obtained. 

35 



13.2.2.3 Gas Discharge Cell Sample 

Hydrino hydride compounds can be synthesized in a hydrogen gas 
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discharge cell wherein transition catalyst is present in the vapor phase. 
The transition reaction occurs in the gas phase with a catalyst that is 
volatilized from the electrodes by the hot plasma current. Gas phase 
hydrogen atoms are generated with the discharge. 
5 Experimental discharge apparatus of FIGURE 6 comprises a gas 

discharge cell 507 (Sargcni-Wclch Scientific Co. Cat. No. S 68755 25 
watts, IIS VAC, 50 60 Ik), was utilized to generate hydrino hydride 
compounds. A hydrogen supply 580 supplied hydrogen gas to a 
hydrogen supply line valve 550. through a hydrogen supply line 544. A 
I 0 common hydrogen supply line/vacuum line 542 connected valve 550 io 
gas discharge cell 507 and supplied hydrogen to the cell. Line 542 
branched to a vacuum pump 570 via a vacuum line 543 and a vacuum 
line, valve 560. The apparatus further contained a pressure gage 540 lor 
- monitoring the pressure in line 542. A sampling line 545 from line 542 

1 5 provided gas to a sampling port 530 via a sampling line valve 535. The 

lines 542, 543, 544, and 545 comprise stainless steel tubing hermetically 
joined using Swagelok connectors. 

With the hydrogen supply line vnlve 550 and the sampling line 
valve 535 closed and the vacuum line valve 560 open, the vacuum pump 

2 0 570, the vacuum line 543. and common hydrogen supply line/vacuum 

line 542 were used to obtain a vacuum in the discharge chamber 500. 
With the sampling line valve 535 and (he vacuum line valve 560 closed 
uuu iiic hywuigen suppiy iine vaive 550 open, the gas discharge cell 507 
was filled with hydrogen at a controlled pressure using lne hydrogen 

2 5 supply 580, the hydrogen supply line 544. and the common hydrogen 

supply line/vacuum line 542. With the hydrogen supply line valve .550 
and the vacuum line valve 560 closed and the sampling line valve 535 
open, the sampling port 530 and the sampling line 545 were used to 
obtain a gas sample for study by methods such as gas chromatography 

3 0 and mass spectroscopy. 

The gas discharge cell 507 comprised a 10" flint glass (1/2" )D) 
vessel 501 defining a vessel chamber 500. The chamber contained a 
hollow cathode 510 and an anode 520 for generating an arc discharge in 
low pressure hydrogen. The cell electrodes (1/2" height and 1/4" 
3 5 diameter), comprising the cathode and anode, were connected to a power 
supply 590 with stainless steel Jead wiies penetrating the top and 
bottom ends of the gas discharge cell. The cell was operated at a 
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hydrogen pressure range of 10 milliloir to 100 torr and a current under 
10 mA. During hydrino hydride compound synthesis, the anode 520 and 
cathode 510 were coaled with a potassium sail such as a potassium 
halidc catalyst (e.g. Kl). The catalyst was introduced inside the gas 
S discharge cell 507 by disconnecting the cell from the common hydrogen 
supply line/vacuum Jine 542 and welling the electrodes with a saturated 
water or alcohol catalyst solution. The solvent was removed hy drying 
the cell chamber 500 in an oven, by connecting the gas discharge cell 507 
to the common hydrogen supply line/vacuum line 542 shown in FIGURE 
1 0 6, and pulling a vacuum on the gas discharge cell 507. 

The synthesis of hydrino hydride compounds using ihc apparalus 
of FIGURE 6 comprised the following steps: (1) putting the catalyst 
solution inside the gas discharge cell 507 and drying it lo form a catalyst 
coating on the- electrodes 510 and 520; (>) vacuuming the gas discharge 

1 5 cell at 10-30 mtorr for several hours to remove any contaminant gases 

and residual solvent; and (3) filling the gas discharge cell wiih a few 
mtorr to 100 lorr hydrogen and carrying out an arc discharge for at least 
0.5 hour. 

Samples were prepared from the preceding apparatus by I.) 

2 0 rinsing the catalyst from the cell with sufficient water that all water 

soluble compounds dissolved, 2.) filtering the solution io remove water 
insoluble compounds such as metal, 3.) concentrating the solution until a 
precipitate just formed with the solution at 50 °L\ 4.) allowing crystals to 
form on standing at room temperature, and 4.) filtering and drying the 

2 5 crystals before the XPS and mass spectra were obtained. 

13.2.2.4 Plasma Torch Sample 

Hydrino hydride compounds were synthesized using an 
experimental plasma torch cell hydride reactor according to FIGURE 7. 
30 using Kl as the catalyst 714. The catalyst was contained in a catalyst 

reservoir 716. The hydrogen catalysis rcaciion to form hydrino (Eqs. <3* 
5)) and the reduction to hydrino hydride ion (i:q. (8)) occurred in the sas 
phase. The catalyst was aerosolized into the hot plasma. 

D\it\xig operation, hydrogen flowed from the hydrogen supply 738 

3 5 to the catalyst reservoir 716 via passage 742 and passage 725 wherein 

the flow of hydrogen was controlled by hydrogen flow controller 744 and 
valve 746. Argon plasma gas (lowed from the plasma gas supply 712 
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directly to the plasma torch via passage 732 and 726 and io ihe catalyst 
reset voir 716 via passage 732 and 725 wherein the flow of plasma gas 
was controlled by plasma gas flow controller 73*1 and valve 736. The 
mixiuic of plasma gas and hydrogen supplied to the torch via passage 
5 726 and io the catalyst reservoir 716 via passage 725 was controlled by 
the hydrogen-plasma-gas mixer and "mixture How regulator 721. The 
hydrogen and plasma gas mixture served as a carrier gas for catalyst 
particles which were dispersed into the gas stream as fine particles by 
mechanical agitation. The mechanical agitator comprised the magnetic 
10 stirring bar 71 H and the magnetic stirring motor 720. The aerosolized 
catalyst and hydrogen gas of the mixture flowed into the plasma torch 
702 and became gaseous hydrogen atoms and vaporized catalyst ions (K* 
ions from A7) in the plasma 704. The plasma was powered by 
microwave generator 724 (Astcx.- Model SI 5001). The microwaves were 

1 5 tuned by the tunable microwave cavity 722. 

Ihe amount of gaseous catalyst was controlled by controlling the 
rate thai catalyst was aerosolized with the mechanical agitator and the 
carrier gas flow rate where the carrier gas was a hydro«cn/ar?on gas 
mixture. The amount of gaseous hydrogen atoms was controlled by 

2 0 controlling the hydrogen flow rate and the ratio of hydrogen to plasma 

gas in the mixture. The hydrogen flow rate, the plasma gas flow rate, 
and the mixture directly to the torch and the mixture to the catalyst 
■ cservoif were conuutted with How rare controllers 734 and 744, valves 
736 and 746, and hydrogen-plasma-gas mixer and mixture flow 

2 5 regulator 721. The aerosol flow rates were 0.8 standard liters per 

minute (slm) hydrogen and 6.15 sim argon. The argon plasma now rate 
was 5 slm. The catalysis rate was also controlled by controlling the 
temperature of the plasma with the microwave generator 724. The 
forward input power was 1000 VV\ the reflected power was 10-20 W. 
50 Hydrino atoms and hydrino hydride ions were produced in the 

plasma 704. Hydrino hydride compounds were cryopurnped onto the 
manifold 706, and flowed into the trap 708 through passage 748. A flow 
to the trap 708 was effected by a pressure gradient controlled by the 
vacuum pump 710, vacuum line 750, and vacuum valve 752. 

3 5 Hydrino hydride compound samples were collected directly from 

the manifold and from the hydrino hydride compound trap. 
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13.2/2 Mass Spectroscopy 

Mass spectroscopy was performed by BlackUght Power, Inc. on the 
crystals from the electrolytic cell, the gas cell, the gas discharge cell, and 
5 the plasma torch cell hydrino hydride reactors. A Dycor System 1000 
Quadiapole Mass Spectrometer Model HD200MP with a HOVAC Dri-2 
Turbo 60 Vacuum System was used. One end of a 4 mm ID fritted 
capillary tube containing about 5 mg of the sample was sealed with a 
0.25 in. Swagclock union and plug (Swagelock Co., Solon. OH). The other 
I 0 end was connected directly to the sampling port of a Dycor System 1O0O 
Quadrapole Mass Spectrometer (Model D200MP, Amctck, Inc.. Pittsburgh, 
PA). The mass spectrometer was maintained at a constant temperature 
of J 15 C C by heating tape. The sampling port and valve were maintained 
at 125 D C with heating tape. The capillary was' heated with a Nichromc 

1 5 wire heater wiapped around the capillary. The mass spectrum was 

obtained ai the ionization energy of 70 eV (except were indicated) at 
different sample temperatures in the region tn It ^ 0- 220. Or, a high 
lesolunon scan was performed over the region m/«r-O--li0. Following 
obtaining the mass spectra of the crystals, the mass spectrum of 

2 0 hydrogen {m/e = 2 and (m/r=l). water = 18. ™/r« 2. and i), 

carbon dioxide (m/r»44 and m/r»l?). and hydrocarbon fragment CH\ 
(«i/r=lS), and carbon (m/^12) were recorded as a function of time. 



13.2 :5 Results and Discussion 



2 5 



In all samples, the only usual peaks detected in the mass range 
mtr^-Wo'nO were consistent with trace air contamination. Peak 
identifications were compared to the elemental composition. X-ray 
photoclcctron spectroscopy (XPS) was performed on all of the mass 

3 0 spectroscopy samples to identify hydrino hydride ion peaks and to 

determine the elemental composition. In all cases, hydrino hydride ion 
peaks were observed. The crystals of electrolytic cell samples W3. «5, 
and #6, and g as Cc )) samp j cs JM, ff2. and «5 had a yellow color. The 
yellow color may be due to the continuum absorption of ^r(n = l/2) in the 

3 5 near UV, 407 nm continuum. In the case of gas cell samples #1, #2. and 
1/5, tins assignment was supported by the XPS results which showed a 
large peak at the binding energy of }V{n =1/2), 3 eV (TABLE I). 
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XRS was also used to determine the elemental composition of each 
sample. In addition to potassium, some of the samples produced using a 
potassium catalyst also contained detectable sodium. The sample from 
the plasma torch contained SiO } and Al from the quartz and the alumina 
5 of ihe plasma torch. 

Similar mass spectra where obtained for all of the samples from 
catalysis tuns except as discussed below for die plasma torch sample. A 
discussion of the assignment of the fragments appears below for some 
samples such as gas cell samples tfl and #2 that is representative of the 
1 0 types of compounds observed from the electrolytic cell, gas cell, gas 

discharge cell, and plasma torch cell hydrino hydride reactors as given in 
TABLE 4. In addition, the exceptional compounds produced in the 
plasma torch cell hydrino hydride rector are labeled in FIGURE 36. 

The mass spectrum {m I e = 0 - 1 10) of the vapors from the crystals 

1 5 from the cleeiiolyic of the AfajCO, electrolytic cell {electrolytic cell sample 

#1) was recorded with a sample heater temperature of 225 °C. The only 
usual peaks detected were consistent with irace air contamination. No 
unusual peaks were observed. 

The mass spectrum (m/r -0-110) of the vapors from the K 7 CO y 

2 0 used in the K } CO y electrolytic cell hydrino hydride reactor {electrolytic 

cell sample U2) was recorded with a sample heater temperature of 225 
°C. The only usual peaks delected were consistent with trace air 
contamination. No unusual peaks were observed. 

The mass spectrum (w/^0-U0) of the vapors from the crystals 

2 5 from the electrolyte of the A',C0 3 electrolytic cell hydrino hydride reactor 

that was made I M in LiNO^ and acidified with WW, (electrolytic cell 
sample #3) with a sample heater temperature of 200 °C is shown in 
FIGURE 2*1. The parent peak assignments of major component hydrino 
hydride compounds followed by the corresponding mie of the fragment 

3 0 peaks appear in TABLE 4. The spectrum included peaks of increasing 

mass as a function of temperature up to the highest mass observed, 
m/*«96, at a temperature of 200 °C and greater. 
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TABLE 4. The hydiino hydride compounds assigned as parent peaks 
with the corresponding mle of the fragment peaks of ihe mass specuum 
(m/e = 0 - 200) of the crystals from the electrolytic cell, gas cell, gas 



Hydiino itydiide Compound 


m /f ol Parent Peak with Cortesponding Ffwjmcnts 


h;(\/ p ) 


4 


NoH{\Jp) 


24-23 


No'H(\i p)§nr[\f p) 


26-23 




28-23 


SM{\!p\ 


30- 2 8 


SiH{\tp), 


32-2B 




34-28 


sin, 


36- 20 


KH[\i p) 


40 39 


K'//(t/ p)irn ■■{» / p) 


42-39; 40-39 


k*h'(m p)u;ir{\i p) 


44-30: 13-39; 41-39; 42-39; 40-39; 22 


N<u{H{Mp)) } 


48-46; 26-24 


SiOH t 


50-44, 5t 


NaSM h 


57-51; 58. 34-28; 24-23 


Siji(\fpl 


60-56; 30-28 


H(\f p)Na 7 OH 


64-63, 40-39; 24-23 




64- 56; 36-28 




66-60; 67; 5044 




73-67; 74; 32 28; 43-39; 41-39; 42-39, 40-39 




7 8-72; 48-44; 36-28 


i>)), 


80-78: 43-39; 41-39; 42-39; 40-39 


K,H(ilp) s 


81-78; 43-39; 41-39; 42-39; 40-39 


KM(\lp), 


82-78; 43-39. 41-39; 42-39; 40-39 


KJI(Mt>\ 


83-78; 43-39; 41-39; 42-39; 40-39 


NaSt0 7 H t 


8 9-83; 90. 60; 50-44 




92-84; 32-28 


H[\ f [>)K,OH 


96-95; 56-SS; 40-39 


Si.H,, 


96-92; 64 56; 36-28 


S>,H w O 


110-100; 73-72: 48-44; 36-28 




128-112: 96-92; 64-56; 36-28 
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142 128. 110-100; 78-72; 64-56; 40-44. 36-20 




192 !60; 120-112; 96-92; 64-56; 36-28 



The mass spectrum (»i te -0~ 1 10) of ihe vapors from ihc crystals 
filtered from the electrolyte of the K 7 CO, eiccuolytic cell hyefrino hydride 
reactor (electrolytic cell sample #4) with a sample heater temperature of 
5 185 °C is shown in FIGURE 25A. The mass spectrum (m/r- 0- 110) 

electrolytic celt sample JM with a sample heater temperature of 225 °C is 
shown in FIGURE 25B. The parent peak assignments of major component 
hydrino hydride compounds followed by the corresponding mte of the 
fragment peaks appear in TABLE 4. The mass spectrum (m/e = 0-200) of 
I 0 electrolytic cell sample «4 with a sample heater temperature of 234 »C 
wi(h the assignments of major component hydrino hydride silanc 
compounds arid silanc fragment peaks is shown in FIGURE 25C. The mass 
spectrum 200) of electrolytic cell sample »4 with a sample 

heater temperature of 249 °C with the assignments of major component 

1 5 hydrino hydride silane and siloxane compounds and silanc fragment 

peaks is shown in FIGURE 25D. Shown in both FIGURE 25C and FIGURE 
25D is the hydrino hydride compound NuSiO y H k (m/f = 89) that has civen 
rise to SiO; {m/> = 60) (distlane SUi a is shown as a fragment from the 
other silancs indicated which also comprises the /;i/f^60 peak) and 

2 0 fragment SiOH. lm I r ■■= 50). A structure for NaSiO : H L tin It- is 



H 
0 




The mass spectrum (m/r-0-110) of the vapors from the yellow- 
white crystals that formed on the outer edge or a crystallization dish 
from the acidified electrolyte of the KjCO, Thcrmacore PLIectrolytic Cell 
2 5 (electrolytic cell sample US) wjth a sample heater temperature of 220 °C 
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is shown in FIGURE 26A and with a sample heater temperature of 275 "C 
is shown in FIGURE 26B. The mass spectrum (m ie = 0- HO) of the vapors 
from electrolytic cell sample «6 with a sample healer temperature of 212 
°C is shown in FIGURE 26C. The parenl peak assignments of major 
5 component hydrino hydiide compounds followed by the corresponding 
mfe of the fragment peaks appear in TABLE 4. The mass spectrum 
(m/e--0~200) of electrolytic ecl) sample #6 with a sample heater 
temperature of 147 °C with the assignments of major component hydrino 
hydride silanc compounds and silane fragment peaks is shown in FIGURE 
I 0 26D 

PIGURE 27 shows the mass spectrum (m/*~o~H0) of the vapors 
obtained from the cryopumped crystals isolated from the 40 °C cap of a 
gas- celt hydrino hydride reactor comprising a Kl catalyst, stainless steel 
filament leads, and a W filament (gas celt sample tfl). The sample was 

1 5 dynamically heated from 90 °C to 120 °C while the scan was being 

obtained in the mass range m / e - 75- 100 . The parent peak assignments 
of major component hydrino hydride compounds followed by the 
corresponding m/e of the fragment penks appear in TABLE 4. 

The hydrino hydride compound NuSiOM^ (m I e - 89) with series 
20 mie ^ 90-83 including the M -* I peak and the hydrino hydride compound 
UK, OH {mte- 96) with fragment K 7 OH (m / 1 = 95) appeared in abundance 
with dynamic heating. Shown in FIGURE 28A is the mass spectrum 
(#n#>-G-iiO) of the sample shown in FlCURE 27 with the succeeding 
repeat scan wheic the total time of each scan was 75 seconds. Thus, it 

2 5 took about the time interval 30 to 75 seconds after heating to rescan the 

region m fc = 24 - 60. The sample temperature was 120 °C. Shown in 
FIGURE 28B is the mass spectrum {m / e^0~\\0) of the sample shown in 
FIGURE 27 scanned 4 minutes later with a sample temperature of 200 °C. 
The parent peak assignments of major component hydrino hydride 

3 0 compounds followed by the corresponding m/e of the fragment peaks 

appear in TABLE 4 r 

Comparing FIGURES 28A-28B to FIGURE 27 shows that the hydrino 
hydride silicate compound NaSiOJi^ [mJe = 89) with series m/<' = 90-83 
including the M % \ peak gave rise to the fragments Si0 7 (m U = 60), Si0 2 H t 
35 with scries m/<r = 66-60, and SiOJI 6 with series m?c = 5\-44 including the 
M * \ peak. The siloxanc Si 2 HJD (m Ie = 78) was observed. The observed 
hydrino hydride silanc compounds were the M + I peak of 5t,//„ m / r = 96 . 
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$i y H % (m/e = <)2), Na$if! b with series m/e = 58-5l including the M + i peak, 
KSiH 6 with series m/*= 74-67 including the M + I peak, and S#,i/ 8 with 
scries m/c- 64-56. The silane compounds gave rise to the silanc peaks 
of Si 2 H,(mfc = W), $,//,(,*/« = 36). Sill^ (mU = 34). 5,7/, f>, / r = 32). and 
5 SiW ? (m/*-30). 

Also present at the higher temperature was the hydrino hydride 
compound UK fill {m /<•=-- 96) with fragment * 2 0// (;»/<» = 95) that gave rise 
to KOH(m/e - 56), a substantial W(m/^^55) peak, and X7/, (,„ / r = 41) with 
fragments */-/ ( m / * ~ 40) and K (m U = 39). In addition, the following 

10 potassium hydrino hydride compounds were observed: A7/>(m/* = 44) 
with fragments series {« / e = 44 ~ 39) including X7/, = 4I) % 
*W(ffi/r = 40), and /t(m/c^39); the doubly ionized peak K ' H* at 
(«iif = 22); ihc doubly ionized peak X'*//; at (/h/^21); and 
^W(i/^)„« -lf^5 with fragment and compound series 83- 7H). 

13 Thc following sodium hydiino hydride compounds that appear in 

FIGURfcS 28A-28B were observed at the higher temperature: 
NNofiH [m U (A) with fragments Nafill {mt < = 63), NaQll (m/e = 40). 
M>0(»i/r--O9h and Mi// (m/tf = ?4); Na : lt 7 (,n(e = 48) with fragments 
AV/ ('" ' * 47). Mi, ( m / * = 46). Nal1 l (/« / ^ 25). and Nail [m f t> != 24); and 

2 0 NaH x [m!v~2b) with fragments Mi//, / <> » 25) and Ata//(i»i/r »24). 

The mass spectrum (m/^ 0-200) was obtained of sas cell sample 
tfl with a sample heater temperature of 243 C C\ Major peaks were 
observed that were assigned to silane and siloxane hydrino hydride 
compounds Present were the disilane hydiino hydride compound 

2 5 analogue S/,// t (m / e » 64) with siloxane, Si 7 llfi (m / e « 78), thc tnsilane 

hydrino hydride compound analogue (m / r = 96) with a siloxane. 

^//^(w/^DO), and the tctrasilane hydrino hydride compound 
Sijl^ (//i/r= 128). Also, the low mass silanc peaks were seen: 
5U/, (m /it = 60). 5/W, [m It = 36). 5/7/, f> 32), and 5,7/, ( m /, = 30). 

3 0 Shown in FIGURE 29 is the mass spectrum (w/f * 0- 1 10) of the 

vapors from thc cryopumped crystals isolated from the 40 «C cap of a gas 
cell hydrino hydride reactor comprising a K! catalyst, stainless steel 
filament leads, and a IV filament (gas cell sample ill) with a sample 
temperature of 225 *C. The parent peak assignments of major 
3 5 component hydrino hydride compounds followed by thc corresponding 
mt< of the fragment peaks appear in TABLE 4. 

Thc mass spectrum (mfe = 0 - 200) of the vapors from the crystals 
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prepared from a dark colored band ai ihe lop of a gas cell hydrino 
hydride reactor comprising a A7 catalyst, stainless steel filament leads, 
and a W filament wiih a sample heater temperature of 253 °C (gas cell 
sample OA) and with a sample heater lempeiaiure of 216 °C (gas cell 
5 sample #3B) is shown in FIGURE 30A and FIGURE 30B, respectively. The 
assignments of major component hydiino hydride compounds and silanc 
fragment peaks arc indicated. The parent peak assignments of typical 
major component hydrino hydride compounds followed by the 
corresponding m/e of the fragment peaks appear in TABLE 4. 
1 0 The spectrum of gas cell sample «3A shown in FIGURE 30A has 

major peaks at about mle = (A and m/e » 128. Iodine has peaks at these 
positions, thus, the mass spectrum of iodine crystals was obtained under 
identical conditions. Iodine was eliminated as an assignment to the 
peaks based on the lack of a match of the iodine mass spectrum shown in 

1 5 FKGURI: 31 with the specuuni of gas cell sample «3A shown in FIGURE 

30A. For example, the doubly ionized atomic iodine peak at m/r»64 
compared to the singly ionized peak at #»/«- = 12* has die opposite height 
ratio as that of the corresponding peaks of the mass spectra of gas cell 
sample «3A. The latter spectrum also possess other peaks such as silanc 

2 0 peaks not observed in the iodine spectrum. The peaks of FIGURE 30A at 

/»/e-~64 and '»/*»= 128 are assigned to silanc hydiino hydride compounds. 
The stoichiometiy is unique m that the chemical formulae for normal 
siianes >s me same as thai of alkanes; whereas, the formulae for hydrino 
hydride siianes is Sijt^ which is indicative of a unique bridged hydrogen 

2 5 bonding. Only the ordinary, siianes SiH 4 and Si 7 H, are indefinitely stable 

at 25 °C. The higher ordinary siianes decompose giving hydrogen and 
mono- and disilane, possibly indicating SiH 2 as an intermediate. Also, 
ordinary silanc compounds react violently wiih oxy«cn (F. A. Cotton > G. 
Wilkinson, A dvanced Inorg anic Chemjsny Fourth Edition. John Wiley & 

3 0 Sons, New York, pp. 383-384.]. U is extraordinary the present sample 

was filtered from an aqueous solution in air. The sample contains water 
as indicated by the water family at (m/ r 16 - 18), and the disilanc 
hydrino hydride compound analogue SiM t has bound xvaier whereby the 
resulting compound S^H^H.O successively losses all of the tf's in the 
35 series {ml e= 82 - 72) to give Si 7 0 {m /> =r 72). 5< 4 // l6 (m t e 128). the 
tctrasilanc hydrino hydride compound, and SiJ1 u (m / c ^ 192), the 
hcxasilanc hydrino hydride compound, are also seen with corresponding 
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fragment peaks. Also, .he low mass silanc fragment peaks are seen 
5,H, (»• / e = 36), SH t (m I c 32). and Sili, („, I , ■, 30). The spectrum of cos cell 
sample MB shown i„ FIGURE 30B also has major peaks a. about „,/, = 6 4 
nnd M /e=l2B which are assigned .o silane hydrino hydride compounds 
Present arc the disilanc hydiino hydride compound analogue 
VU»./r=64) with siloxane. Si,H t O (». / e = 78) . the irisilanc hydrino 
hydride compound analogue Sijl,, ( m / , = 96) with siloxane. 
5/,// ((> 0 (»,/,= HO), and .he tctrasilane hydrino hydride compound 

128) wiih siloxane, Sij„0(mte = 142). Also, the low mass 
silane fragmen. peaks are seen: 5,7/, <«/,- 36). S//f 4 32) and 

SiH, (mle- 30). 

The mass spectrum (/?>/<• = 0- 1 10) of .he vapors from .he crystal* 
from .he body of a gas cell hydrino hydride .eacior comprisino a Kl 
catalyst, stainless s.cet filament leads, and a W filament (gas cell sample 
#4) wHh a sample heater temperature of 226 «C is shown in HGURE 32 
The parent peak assignments of major component hyd.ino hydride 
compounds followed by .he correspond.,,? „/, of the fragment peaks 
appear in TAB LIE 4. 

The O to 75 cV binding energy .cgion of a high resolution X-ray 
Pho.oelec.ron Spectrum (XPS) of recrystal.iacd crystals prepared from 
■he gas cell hydrino hyd.idc reactor comprising a Kl catalyst, stainless 
steel fdamen, leads, and a w filament <.„ cell samp.e M) coricspondin. 
to the mass spectrum shown in FIGURE 32 is shown in FIGURF 33 The " 
survey scan showed that the recys.allized crystals were that of a pure 
po.assmm compound. Isolation of pure hydrino hydride compounds 
from the gas cell is the means of eliminating impurities from the XPS 
sample which concomitantly eliminates impurities as a„ alternative 
ossignmcDl to the hydrino hydride ion peaks. No impurities are present 
m the survey scan which can be assigned to peaks in the low bindin- 
energy re « IO n. With the exception of potassium a. IS and 34 C V and 
oxygen at 23 eV, no other peaks in the low b.nding energy leoion can be 
ass.gned to known elements. Accordingly, any other peaks i„~ ,hi S region 
must be due to novel compositions. The hydr.no hydride ion peaks ° 
H (n = I/p) for P = 3 to p.-- .6. the potassium peaks. K. and the oxy.cn 
peak, o. arc identified in FIGURE 33. The agreement with the results for 
the crystals .sola.ed from the electrolytic cells summarized in FIGURE 22 
arc excellent. 
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The mass spectrum (wr/r - 0- 1 10) of the vapors from the 
cryopnmped crystals isolated from the 40 °C cap of a gas cell hydrino 
hydride reactor comprising a Rbl catalyst, stainless steel filament leads, 
and a W filament (gas cell sample # 5) with a sample temperature of 205 
5 °C is shown in FIGURE 3<1A. The parent peak assignments of major 

component hydrino hydride compounds followed by the corresponding 
mle of the fragment peaks appear in TABLE 4. The mass spectrum 
(m/e- 0-200) of gas cell sample H 5 with a sample temperature of 201 X 
and with a sample temperature of 235 X is shown in FIGURE 34 B and 
10 FIGURE 34C f respectively. The assignments of major component hydrino 
hydride silane and sitoxanc compounds and silniic fragments peaks are 
indicated. 

The mass spectrum (m/<- = 0-liO) of the vapois from the crystals 
from a gas discharge cell hydrino hydride reactor comprising a KI 

1 5 catalyst and n M electrodes with a sample heater temperature of 225 °C 

is shown in FIGURE 35. The parent peak assignments of major 
component hydrino hydride compounds followed by ihe conesponding 
mle of the fragment peaks appear in TABLE 1 No crystal were obtained 
when Nal replaced KI . 
20 The mass spectrum = 0-- 110) of the v:»pors from the crystals 

from a plasma torch cell hydrino hydride reactor with a sample heater 
temperature of 250 *C is shown in FIGURE 36 with the assr gnmcnts of 
major component aluminum hydrino hydride compounds and fragment 
peaks. The parent peak assignments of other common major component 

2 5 hydrino hydride compounds followed by the corresponding mfc of the 

fragment peaks appear in TABLE 4. 

An exceptional shoulder was present on the /rr/<: = 28 peak due to 
the hydrino hydride compound AiiU (ml r - 29) with fragments 
AIN f>i/r = 28) and Al (m I e - 27). The aluminum hydrino hydride 

3 0 compound is also present as the dimcr, AfJ1, with scries (mle - 58 - 51) 

No hydrir.o hydride compound peaks were observed when Nal replaced 
KI. 

The presence of NaSiOJi^ is consisient with the elemental analysis 
by XPS which indicated thai the plasma torch sample was predominantly 
3 5 SiO } as shown in TABLE 8. The source is the quartz of the torch that was 
etched during operation. Quartz etching was also observed during (he 
operation of the gas cell hydrino hydride reactor. 
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The mass spccimm as a function of lime of hydrogen (m)e--- l and 
(m/^I), water [mfe = 18. m/tf = 2. and (m/*=|), carbon dioxide (i*r/r = 44 
and m/r=i2), and hydrocarbon fragment C7/; (mfc~\5). and carbon 

obtained following recording the mass spectra of die crystals 
5 from the electrolytic ceil, the gas cell, ihc gas discharge cell, and the 
plasma lorch cell hydrino hydride reactors is shown in FIGURE 37. The 
spectra is thai of hydrogen where the intensity of the ion current of 
mU^2 and mU-\ is higher than that of m/c=H8; even though, no 
hydrogen was injected into the spectrometer. The source is not 

1 0 consistent with hydrocarbons. The source is assigned to increased 

binding energy hydrogen compounds given in the Additional Increased 
Binding Energy Hydrogen Section. The ionization energy was increased 
from /P = 70VVlo IP^lSOeV. The mlt=l and mle* )8 ion currents 
increased while the mi*~\ ion current decreased indicating that a more 
15 stable hydrogen- type moleculor ion (dihydrino molcculai ion) was 

formed. The dihydrino molecular ion reacts with the dihydrino molecule 
to form ir t {\lp) (Eq. (32)). H;(\/p) serves as a signature for the presence 
of dihydrino molecules and molecular ions including those formed by 
fragmentation of increased binding energy hydrogen compounds in a 

2 0 mass spectrometer as demonstrated in FIGURE 26D (electrolytic cell with 

K : CO, catalyst), FIGURE 30A (gas cell with Ki catalyst), FIGURES 3<1B and 
34C (gas cell with RbJ catalyst), and FIGURE 35 (gas discharge cell with 
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2 5 1X1 ldeniifica jion^f^lie Di hydrino Molec ule _by^±™lJS£CSJ^imU 

The first ionization energy, //>,, of the dihydrino molecule 

/y;j7^^:J^ //; |^_ r+t , (6)) 

is /r.^62.7UV ( P = 2 in Eq. (29)); whereas, the first ionization energy or 
30 ordinary molecular hydrogen is 15 *16 rF. Thus, the possibility of using 
mass spectroscopy to discriminate //,(2r - V2« J from //^2r=^j on the 

basis of the large difference between the ionization energies of the two 
species was explored. The dihydrino was identified by mass 
spectroscopy as a species with a mass to charge ratio of two (m/<r--2) 

3 5 thai has a higher ionization potential than that of noima! hydrogen by 
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recording the ion current as a function of the electron gun energy. 

13.3.1 Sample Collection and Preparation 

5 13.3.1.1 Hollow Cathode Electrolytic Samples 

Hydrogen gas was collected in an evacuated hollow nickel cathode 
of an aqueous potassium carbonate electrolytic cell and an aqueous 
sodium carbonate electrolytic cell. Each cathode was sealed at one end 
and was on-line to the mass spectrometer at the other end. 
1 0 Electrolysis was performed with either aqueous sodium or 

potassium carbonate in a 350 ml vacuum jacketed dewnr (Pope Scientific. 
Inc., Mcnomonee Falls. Wl) with a platinum basket anode and a 170 cm 
long nickel tubing cathode (Ni 200 tubing. 0.0625 in. O.D., 0.0420 in. ).D.. 
with a nominal wall thickness of 0.010 in.. MicioGroup, Inc., Mcdway, 

1 S MA). The cathode was coiled into a 3.0 cm long helix wjth a 2.0 cm 

diameter. One end of the cathode was scaled above the electrolyte with 
a 0.0625 in. Swagclock union and plurr (Swasclock Co.. Solon, OH). The 
other end was connected directly to a needle valve on the sampling pon 
of a Dycor System 1000 Quadrapole Mass Spectrometer (Model D200MP. 

2 0 Amctck, Inc., Pittsburgh. PA). 

13.3.1.2 Control Hydrogen Sample 

The control hydrogen gas was ultrahigh purity (MG Industries). 

2 5 13.3.1.3 Electrolytic Gasses from Kecombiner 

During the electrolysis of aqueous potassium carbonate, MIT 
Lincoln Laboratories observed long duration excess power of 1-5 watts 
with output/input ratios over 10 in some cases with respect to the cell 
input power reduced by the enthalpy of the ^cncraied gas [Maldeman, C. 

3 0 W.. Savoye. G. W., Iselcr, C. W„ Clark, H. R.. MIT Lincoln Laboratories 

Excess Energy Cell Final report ACC Project 174 (3) v April 25 : 1995} In 
these cases, the output was 1.5 to 4 times the integrated volt-ampere 
power input. Faraday efficiency was measured volumetrically by direct 
water displacement. Electrolytic gases were passed through a copper 
3 5 oxide recombiner and a Durrcll absorption tube analyzer multiple times 
until the processed o OS volume remained unchanged. The processed 
gases were sent to BlackLight Power Corporation, Malvern, PA and were 
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analyzed by mass spectroscopy. 

1 3 3.1.4 Gas Cell Sample 

Pennsylvania Slate University Chemical Engineering Department 
5 determined the heat production associated wiih hydrino formation with 
a Calvet calorimeter. The instrument used to measure the heat of 
reaction comprised a cylindrical heat flux calorimeter (International 
Thermal Instrument Co., Model CA-IOO-I). The cyhndrica) calorimeter 
walls contained a thermopile structure composed of two sets of 
10 thermoelectric junciions. One set of junctions was in thermal contact 

with the internal calorimeter wall, at temperature 7",, and the second set 
of thermal junciions was in thermal contact wiih the external calorimeter 
wall at f, which is held constant by a forced convection oven. When heat 
was generated in the Calorimeter cell, the calorimeter radially 

1 5 transferred a constant fraction of this heat into the surrounding heat 

sink. As heat flowed a lemperature gradient, (r.-T.), was established 
between the two sets of lhennopile junctions. This temperature gradient 
generated a voltage which was compared lo the linear voltage versus 
power calibration curve to give the power of reaction. The calorimeter 

2 0 was calibrated wiih a precision resistor and a fixed current source ni 

power levels representative of the power of reaction of the catalyst mn$. 
The calibration constant of the Calvct calorimeter was not sensitive to the 
flow of hydrogen over the range of conditions of the tests. To avoid 
corrosion, a cylindrical reactor, machined from 304 stainless steel to fit 

2 5 inside (he calorimeter, was used to contain the reaction. To maintain an 

isothermal rcaciion system and improve baseline stability, the 
calorimeter was placed inside a commercial forced convection oven that 
was be operated at 250 °C. Also, the calorimeter and reactor were 
enclosed within a cubic insulated box, constructed of Durok (United 

3 0 States Gypsum Co.) and fiberglass, to further dampen thermal oscillations 

in the even. A more complete description of the instrument and methods 
are given by Phillips (Bradford, M. C, Phillips, J., Klanchar. Rev. Sci. 
lnsirum., 66 k <l) : January, (1995), pp. I7J-I75). 

The 20 cnv Calvet cell contained a heated coiled section of 0.25 mm 
3 5 platinum wire filament approximately 18 cm in length and 200 mg of 
KNO y powder in a quaitz boat fitted inside the filament coil that was 
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heated by ihe filament. 

The calorimciry tests yielded exceptional results (Phillips, J., Smith, 
J., Kurtz, S.. "Report On Calorimctiic Investigations Of Gas- Phase Catalyzed 
Hydrino Formation* Final repoit for Period October-December 1996", 
5 January I. 1997). In three separate trials, between 10 and 20 K Joules 
were generated at a rale of 0.5 Watts, upon admission of approximately 
10° moles of hydrogen to the cell. This is equivalent to the generation of 
10* J /mote of hydrogen, as compared lo 2.5 X I0 > J I mote of hydrogen 
anticipated for standard hydrogen combustion. Thus, the total heats 
10 generated appear to be 100 times too large to be explained by 

conventional chemistry, but the results are completely consistent with 
the catalysis of hydrogen. Catalysis occurred when molecular hydrogen 
was. dissociated by the hot platinum filament and the atomic hydrogen 
contacted the gaseous K* / K 4 catalyst from the KNO } powder in the 

1 5 quauz boat thai was heated and volatilized by the filament. 

Following the calorimehy test, the gasses from the Calvet cell were 
collected in an evacuated stainless steel sample bottle and shipped to 
Black Light Power Corporation, Malvern, PA where they were analyzed by 
mass spectroscopy. 

20 

13.3.2 Mass Spectroscopy 

J he mass speciioscopy was pcifGuued with a Dycor System j00O 
Qnadrnpolc Mass Spectrometer Model #D200MP with a HO VAC Dri-2 

2 5 Tui bo 60 Vacuum System. The ionization energy was calibrated to 

within ± I eV. 

Mass spectra of gases permeant to a nickel tubing cathode sealed oi 
one end and on-line to the mass spectrometer at the other were taken 
for potassium carbonate electrolysis cells and sodium carbonate 
30 electrolysis ceils. The intensity ol the m/e^ \ and mt*=2 peaks were 
recorded while varying the ionization potential (IP) of the mass 
spectrometer. The pressure of the sample gas in the mass spectrometer 
was kepi the same for each experiment by adjusting the needle value of 
the mass spectrometer. The entire range of masses through m/e=20Q 

3 5 was measured at IP r_- 70 eV following the determinations al mU~\ and 

m/c = 2. 
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13.3.3 Results and Discussion 

The results of the mass spectroscopic analysis (mte--7) of I he 
5 potassium carbonate run and the sodium carbonate run with varying 
ionization potential of passes from the seal nickel tubing cathode on-line 
with the mass spectrometer appear in TABLES 5 and 6» respectively. For 
the sodium carbonate control, the signal intensity is essentially constant 
with IP. Whereas, in the case of the gasscs from the potassium carbonate 
10 electrolytic cell, the m/e-2 signal increases significantly when the 

ionization energy is increased from 30 eV to 70 cV. A species with a 
much higher ionization potential than molecular hydrogen, somewhere 
between 30-70 eV, is present. The higher ionizing mass two species is 

assigned to the chhydiino molecule. M^2c"~^» 

I 5 

TABLE 5. Partial pressures at m/t-2 with ionization energies of -30 eV 
and -70 eV of gases permeant to a Ni tubing cathode during electrolysis 
of aijueous /C,C0 3 . 



Run Numbef 



ip 


1 


2 


3 


-1 


5 


6 


7 


0 


■30 eV 


1 2E-09 


?.9E-00 


7.3E-00 


2.3E-08 


3.5E-08 


3. IE- 00 


9.4E-00 


3.4E-08 


•70 eV 


6.4E-09 


9.6U-08 


2.0E-07 


1.IE-07 


K6E-07 


t.3E-07 


4.0E07 


1.2E-07 



20 

TABLE 6. Partial pressures at mie-7 with ionization energies of -30 cV 
and -70 eV of gases permeant to a Ni tubing cathode during electrolysis 
of aqueous Nq^CO^ 



Run Number 



IP 


\ 


2 


3 


-30 eV 


1.1C-0G 


6.7E-08 


I.6E-08 


•70 eV 


9.4E-09 


5.OE0B 


1.7E-08 



25 

The mass spectrum (m/f=0-50) of the gasses from (he Ni tubing 
cathode ot the K 7 CO y electrolytic cell on-line with the mass spectrometer 
is shown in FIGURE 38. No peaks were observed outside this range. As 
the ionization energy was increased from 30 eV to 70 eV a m!c-4 peak 
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was observed. The m/c~l was not observed in the case thai Nn y CO y 
replaced K ? CO, or in the case of the mass spectrum of high purity 
hydrogen gas. The only known element winch gives an m/e~A peak was 
helium which was not present in ihe electrolytic cell, and the cathode 
5 was on-line to the mass spectrometer which was under high vacuum. 
Helium is further excluded by the ahsence of a mte- S peak which is 
always present with helium hydrogen mixtuies, but is not observed in 
the in FIGURE 38. Prom ihe daia v hyttrinos are produced in nickel 
hydride according to Eq. (35). The dihydrino molecule has a higher 
10 diffusion rale in nickel than hydrogen. Dihydrino gives rise to a 
mass spectroscopic peak. The reaction follows f/om Eq. (32). 

P J [ J> 

ni{\f p) serves as a signature for the presence of dihydrino molecules .'* 

The mass spectrum (m/r = 0-50) of the MIT sample comprising 

1 5 nonrecombinable gas from a A\C0, elecnolytic cell is shown in FIGURE 

39. As the ionization, energy was increased from 30 cV io 70 cV a 
mfc~4 peak was observed that was assigned to //,*(!'/>). The peak 
serves as a sis nature for ihe presence of dihydrino molecules. 

The output power versus time during the cam lysis of hydrogen and 

2 0 the response to helium in a Calve* cell containing a heated platinum 

filament and KNO. powder in a quaru boat lhai was healed by the 
filament is shown m FIGURE 40. During ihe time interval shown 
2.2 X 10* J of energy was produced by hydrogen: whereas the response of 
the calorimeter io helium (shown offset) was trace positive followed by 

2 5 trace negative, and equilibration to null response The energy released if 

all of the hydrogen present in the closed cell under went combustion is 
equivalent lo the area under the power curve between two time 
increments ( AT* = 17 mini). Combustion is the most exothermic ordinary 
reaction possible. The t0' : moles of hydrogen added to the 20 cm* Calvet 
30 ceil generated 7 X \tf ] I mok of hydrogen, as compared to 2.5 X 10* J I mole 
of hydrogen anticipated for standard hydrogen combustion. The large 
enlhalpy which can not be explained by conventional chemistry is 
assigned to the catalysis of hydrogen. 

The mass spectrum (m/f = 0-50) of the gasses from ihe 

3 5 Pennsylvania State University Calvet cell following the catalysis of 
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I 0 



J 5 



hydrogen ih.-H were collected in an evacuated stninless steel sample 
boiile is shown in FIGURE 41 A. As the ionization energy was increased 
from 30 cV to 70 eV a M /,, 4 peak was observed thai was assigned to 
//;(!/ p). The peak serves as a signature for ihc p IC sencc of dihydrino 
molecules. As Ihc pi essure was reduced by pumping, (he „,/<• = 2 peak 
split as shown j„ FIGURE 4)1). 1„ ,his case, .he response of the mf e =2 
peak lo ionizalion potential was significantly increased. Sample was 
introduced, and the ion current was observed to increased from 2X10'° 
lo IXI0' 1 as ihc ionization potential was changed from 30 eV to 70 eV. 
The split mle = 2 peak and the significant response of the ton current to 
ionization poicniinl are further signatures for dihydrino 

The mass specuum (m/^0 - 200) of the gasscs from the 
Pennsylvania Slate University Calvci cell following , hc catalysis of 
hydrogen thai were collected in an evacuated stainless steel sample 
bottle is shown in FIGURE 42. Several bydrino hydride compounds were 
•rfem.fied as indicated in FIGURE 42. The production of dihydrino and 
hydnno hydride compounds confirms .he assignment of the enihalphy lo 
ihc catalysis of hydrogen. 

The m/r = 4 peak that was assigned .o H, [Up) was also observed 
during mass spectroscopic analysis of hydrino hydride compounds as 
given in .he Identification of Hydr.no Hydride Compounds by Mass 
Specuoscopy Section and .he Identification of Hydrino Hydride 
Compounds by TimeOfFl.ght-Sccondary-lon-Mass-Spec.ro.scopy 
OOFS IMS) Station (e.g. FIGURE 62). Them/, = 4 peak was further 
observed during mass specuoscopy following gas chromatographic 
analysis of samples comprising dihydrino as given in the Identification of 
Uydr.no Hydride Compounds and Dihydrino by Gas Chroma.ography with 
Calonme.ry of .he Decomposition of Hydrino Hydride Compounds .Section. 

aitmnalflgra phv wiih Ca m.i metrv of the D ecompos ition of Hvd.m n 
MMrMe_jC^nip^nds 

Increased binding energy hydrogen compounds a,e given in .he 
3 5 Additional Increased Binding Energy Compounds Section. °It was 
observed that NiO formed and precipitated out over time from ihc 
frl.cred electrolyte (Whatman 110 mm filter paper (Cat. No 1450 110)) 



20 



2 5 
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of the K y CO y electrolytic cell described in the Identification of Hydrinos, 
Dihydiinos. and Hydrino Hydride Ions by XPS (X-ray Photoelcctron 
Spectroscopy) Section. The XPS contains nickel as shown in FIGURE IB, 
and the crystals isolated from the electrolyte of the K t CO> electrolytic cell 
5 contained compounds such as NiH. (where n is an integer) as given in the 

Identification of Hydrino Hydride Compounds by Time-Of- Flight- 
Secondary- lon-Mass-Spectroscopy (TOPS IMS) Section. Since Ni{OH) 7 and 
NiCO y are extremely insoluble in a solution with a mcasuied pH of 9-85, 

the source of the NiO from a soluble nickel compound is likely the 
1 0 decomposition of compounds such as NUI m to NiO. This was tested by 

adding an equal atomic percent UNO y and acidifying the electrolyte with 
HNO % to form potassium nitrate. The solution was dried and heated to a 
mek at 1 '20 W C whereby NiO foimed. The solidified melt was dissolved in 
11,0. and the Nrf) was removed by filtration. The solution was 

1 5 concentrated until crystals jusi appeared at 50 °C. While crystals formed 

from the solution standing at room temperature. The crystals were 
obtained by filtration. The crystals were rccrystallizcd wiih distilled 
water, and mass spectroscopy was performed by the method given in the 
Identification of Hydrino Hydride Compounds by Mass Spectroscopy 
20 Section. The mass ranges m I ? - I to 220 and »i/c-liol?0 were scanned. 
Tl)e mass spectrum was equivalent to that of the ciysials from the 
electrolyte of the KXO % electrolytic cell thai was m.idc 1 M in iANO y and 
acidified with HNO x (mass spectroscopy electrolytic cell sample #3 shown 
in FIGURE 24 wiih parent peak identifications shown in TABLE 4) except 

2 5 that the following new hydrino hydride compound peaks were present: 

£r,/* l9 0 (m/r^HO), Si } H t (/n/e=64K SiH t (/M/r-36), and Si)i 2 (;ji/<r=30). In 
addition^ X-ray diffraction of these crystals showed peaks that could not 
be assigned to known compounds as given in the Identification of 
Hydrino Hydride Compounds by XRD Section (XRD sample »4). TOFSIMS 

3 0 was also performed. The results where similar to those of TOFSIMS 

sample #6 shown m TABLES 20 and 21. 

Aluminum analogues of NiH m n - inir^i arc produced in the plasma 

torch as shown in FIGURE 36. These arc expected to decomposed under 
appropriate conditions, and hydrogen may be released from these 
3 5 hydrogen containing hydrino hydride compounds. The ortho and para 
forms of molecular hydrogen can readily be separated by 
chromatography at low temperatures which wiih its characteristic 
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ideation lime is a dcfiiinivc means of identifying ihe presence of 
hydiogcn in a sample. The possibility of releasing dihydrino molecules 
by thermally decomposing hydrino hydride compounds with 
identification by gas chromatography was explored. 
5 Dihydrino molecules may be synthesized according to Eq. (37) by 

the reaction of a proton with a hydrino atom. A gas discharge cell 
hydrino hydride reactor is a source of ionized hydrogen atoms (protons) 
and a source of hydrino atoms. The catalysis of hydrogen atoms occurs 
in the gas phase with a catalyst that is volatilized from the electrodes by 

1 0 the hot plasma current. Gas phase hydrogen atoms are also generated 

with the discharge. Thus, the possibility of synthesizing dihydrino in a 
gas discharge cell with identification by gas chromatography was 
cxpJored. 

Increased binding energy hydrogen has an internnciear distance 

15 which is fractional ( T - * ) compared with that of normal hydrogen The 

integer J * 

ortho and para forms of molecular hydrogen can readily be separated by 

chromatography at low temperatures The possibility of using gas 

chromatography at cryogenic temperatures to discriminate oriho and 

para // ? |2c = V2Vi.) from oriho and para //," 2c f = ™^ , respectively, as well 

I P J 

2 0 as other dihydrino molecules on the basis of the difference in sizes of 



13.4.1 Gas Chromatography Methods 

5 Gas samples were analyzed with a Hewlett Packard 5890 Series SI 

gas chromatograph equipped whh a thermal conductivity detector and a 
60 meter. 0.32 mm ID fused silica Rl Alumina PLOT column (Rested 
Bcllcfonte, PA) The column was conditioned at 200° C for 1S-72 hours 
before each series, of runs. Samples were run at -196° C usin* Ne as the 

0 carrier gas. The 60 meter column was tun with the carrier <:as at 3.4 psi 
with the following flow rates: carrier - 2.0 ml/min., auxiliary - 3.4 
ml/min., and reference - 3.5 ml/min., for a total flow rate of 8 9 ml/min. 
The split rate was 1 0.0 ml/min. 



13.4.1. 1 Control Sample 
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The control hydrogen gas was ultrahigh purity (MG Industries). 

13.4.1.2 Plasma Torch Sample 

5 

Hydrino hydride compounds were generated in the plasma torch 
hydfino hydride reactor with a Kl catalyst by the method described in 
the Plasma Torch Sample Section. A 10 mg sample was placed in a 4 mm 
ID by 25 mm long quartz tube that was sealed at one end and connected 
I 0 at the open end with Swagclock™ fittings to a T that was connected to a 
Welch Duo Seal model M02 mechanical vacuum pump and a septum 
port. The apparatus was evacuated to between 25 and 50 millitorr. 
Hydrogen was generated by thermally decomposing hydrino hydride 
compounds. The healing was performed in the evacuated quartz 

1 5 chamber containing the sample with an external Nichrome wire heater. 

The sample was heated in 100 °C increments by varying ihe transformer 
voltage of the Nichrome heater. Gas released from the sample was 
collected wiih a 500 /r/ gas light syringe through the septum port and 
immediately injected into the gas chromatography 

2 0 

1 3.4. 1. 3 Coated Cathode Sample 

Uihydrmo molecules were generated in an evacuated chamber via 
thcTmally decomposing hydrino hydride compounds. The source of 
25. hydrino hydride compounds was the coating from a 0.5 mm diameter 
nickel wire from the X,C0, electrolytic cell that produced 6.3X10*/ of 
enthalpy of formation of increased binding energy hydrogen compounds 
(BLP Electrolytic Cell). The wire was dried and heated to about 800 °C. 
The heating was performed in an evacuated quartz chamber by passing a 

3 0 current through ihe caihodc. Samples were taken and analyzed by gas 

chromatography. 

A 60 meter long nickel wire cathode from a potassium carbonate 
electrolytic cell was coiled around a 7 mm OD, 30 cm long hollow quartz 
rube and inserted into a 40 cm long, 12 mm OD quartz tube. The larger 
3 5 quartz tube was sealed at both ends with Swagc)ock 1M fittings and 

connected to a Welch Duo Seal model 1402 mechanical vacuum pump 
with a stainless steel Nupro ,M "H" series bellows valve. A thermocouple 
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vacuum gauge lube and rubber sepium were installed on the apparatus 
side of die pump. The nickel wire cathode was connected to leads 
through the Swagelock 7M finings to a 220V AC transformer. The 
apparatus containing the nickel wire was evacuated to between 25 and 
5 50 milliiojr. The wire was heated to a range of temperatures by varying 
the transformer voltage. Gas released from the. heated wire was 
collected with a 500/// gas tight syringe through the installed septum port 
and immediately injected into the gas chromatograph. White crystals of 
increased binding energy hydrogen compounds which did not thermally 
1 0 decompose were ciyopumped to the tool ends of the evacuated tube. 
This represents a method of the present invention to purify these 
compounds. 

The mass spectjum [mfe--Q-$0) of the gasses from the heated 
nickel wire cathode was obtained following mc recording of the gas 

1 5 chromatograph. 

13.4.J .4 Gas Discharge Cell Sample 

The hydrogen catalysis to form hydrino occurred in the gas phase 

2 0 with the catalyst KI that was volatilized from the electrodes by the hoi 

plasma current. Gas phase hydrogen atoms were generated with the 
discharge. Dihydrino molecules were synthesized using the gas discharge 
cell described in the Gas Discharge Cell Sample Section by: (1) putting the 
catalyst solution inside the lamp and drying it to form a coating on the 

2 5 electrodes; (2) vacuuming the system at 10-30 mtorr for several hours to 

remove contaminant gases and residual solvent; (3) filling the discharge 
tube with a few torr hydrogen and carrying out an arc discharge for at 
least 0.5 hour. The chromatographic column was submerged in liquid 
nitrogen and connected to the thermal conductivity detector of the gas 

3 0 chromatograph. The gases flowed through a 100% CuO rccombiner and 

were analyzed by the on-line gas chromatography using a three way 
valve. 

The mass spectrum (m/f=:0-50) of the gasses from the Ki 
discharge tube on-line with the mass spectrometer was obtained 
3 5 following the recording of the gas chromatograph. 



13.4.2 Adiabatic Calorimetry Methods 
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The enthalpy of the decomposition reaction of the coated cathode 
sample was measured with an adiabatic caloiimeier comprising the 
decomposition apparatus described above thai was suspended in an 
5 insulated vessel containing 12 liters of distilled water. The temperature 
rise of the water was used to determine the enthalpy of the 
decomposition reaction. The water was stabili?.cd for one hour at room 
temperature before each experiment Continuous paddle stirring was set 
at a predetermined rpm to eliminate temperature gradients in the water 

1 0 without input of measurable energy. The temperature of the water was 

measured by two type K thermocouples. The cold junction temperature 
was utilised to monitor room temperature changes. Data points were 
taken every tenth of a second, averaged every ten seconds, and recorded 
with a computer DAS. The experiment wns run with a wire temperature 
15 of BOO °C determined by a resistance measurement that was confirmed 
by optical pyromctry. Tor the control cases, 600 watts of electrical input 
power was typically necessary to maintain the wire at this temperature. 
The input power to the filament was tecorded over time with a Clarke 
Hess volt-amp-watt meter with analog output to the computer DAS. The 

2 0 power balance for the calorimeter was: 

0 = - (mC/JT I fit -f /* .„ ~ P 0 ) (63) 
where was the input power measured by the watt meter, m was the 

ma^ or uV water (i2,G0u g), C, is the specific heat ot water (4.184 J/g 
°C), dT ld\ was the rate of change in water temperature. P lo>i was the 

2 5 power loss of the water reservoir to the surroundings (deviation from 

adiabatic) which was measured to be negligible over the temperature 
range of the tests, and P D was the power released from the hydrmo 
hydride compound decomposition reaction. 

The rise in temperature was plotted versus the total input 

3 0 enthalpy. Using 12.000 giams as (he mass of the water and using ihe 

specific heat of water of 4.184 J/g "C, the theoretical slope was 0.020 
°C7kJ. The experiment involved an unrinsed 60 meter long nickel wire 
cathode from the K ? C0, electrolytic cell that produced 6.3XI0 5 ; of 
enthalpy of formation of increased binding energy hydrogen compounds 
3 5 (BLP Electrolytic Cell). Controls comprised hydrogen gas hydrided nickel 
wire <N1 200 0.0197", HTN36NOAG1, Al Wire Tech, Inc.), and cathode 
' wires from an identical Na 7 CO> electrolytic cell. 
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13.4.3 Enthalpy of ihc Decomposition Reaction of Hydrino Hydride 
Compounds and Gas Chromatography Results 

5 13.4.3.1 Enthalpy Measurement Results 

The results of the measurement of the enthalpy of the 
decomposition reacuon of hydrino hydride compounds measured with 
the adiabatic calorimeter are shown in FIGURE 43 and TABLE 7. The 

I 0 wires from the Na 2 CO y electrolytic cell and the hydrided virgin nickel 

wires produced slopes of water temperature rise versus integrated input 
enthalpy thai were identical to the theoretical slope (0.020 °C/kJ). Each 
wire cathode from the K,CO y cell produced a result that deviated 
substantially from the theoretical slope, and much less input power was 

I 5 necessaiy to maintain the wire at 800 "C as shown in TABLE 7. The 
results indicate that the decomposition reaction of hydrino hydride 
compounds is very exothermic. In the best case, the enthalpy was 
I MJ (25°C X 12,000 g X 4.184 J / g°C - 250 kJ) released over 30 minutes 
(25°CX J2.000gX 4.184 J/g°C/693 W). 
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FABLh 7. The results of ihe measurement of the enthalpy of the 
decomposition reaction of hydrino hydride compounds using an ndjabatic 
calorimeter with virgin nickel wires and cathodes from a jV^CO, 
electrolytic cell and the A^CO, electrolytic eell that produced 6.3 X 10* J of 
enthalpy of formation of increased binding energy hydrogen compounds 
(BLP nieciioiyiic Cell). 
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10 13.4.3.2 Gas Chromatography Results 

The gas chromatograph of the normal hydrogen gave ihe rctcnti 
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lime for para hydrogen and onho hydrogen as 12.5 minutes and J. 1.5 
minutes, respcciively. J : or the plasma torch sample collected from the 
hydrino hydride compound trap (filter paper), the gas chromatographic 
analysis of gasses released by heating in 100 °C increments in the 
5 temperature range !00 *C to 900 °C showed no hydrogen release at any 
temperature. For the plasma torch sample collected from the torch 
manifold, the gas chromatographic analysis of gasses released by heating 
in 100 °C increments in the temperature range 100 °C to 900 °C showed 
hydrogen release at 400 °C and 500 °C. The gas chromatograph of the 
I 0 gases released from the sample collected from the plasma torch manifold 
when the sample was heated to 400 °C is shown in FIGURE 44. The 
elemental analysis of the plasma torch samples were determined by FDS 
and- XPS. The concentration of elements detected by XPS in atomic 
percent is" shown in TABLE 8. 

1 5 

TABLE 8, Concentration of Elements Detccred by XPS (in Atomic %). 
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The XPS of the sample collected from the torch manifold was 

2 5. remarkable in that the potassium to iodide ratio was five; whereas, the 

ratio was 1.2 for Kl and 1.2 for sample collected from the hydrino 
hydride compound trap (filter paper). The EDS and XPS of the sample 
collected from the torch manifold indicated an elemental composition of 
predominantly SiO } and Kl with small amounts of aluminum, silicon, 

3 0 sodium, and magnesium. The mass spectrum of the sample collected 

from the torch manifold is shown in FIGURE 36 which demonstrates 
hydrino hydride compounds consistent with ihc elemental composition. 
None of the elements identified arc known to store and release hydrogen 
in the temperature range of 400-500 °C. These data indicate that the 
3 5 crystals from ihe plasma torch contain hydrogen and are fundamentally 
different from previously known compounds. These results without 
convention explanation correspond to and identify increased binding 
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energy hydrogen compounds according to ihe present invention. 

I he gas chromatographic analysis (60 meter column) of high purity 
hydrogen is shown in FIGURE 45. The results of the gas chromatographic 
analysis of the heated nickel wire cathode appear in FIGURE 46. The 
5 results indicate that a new form of hydrogen molecule was detected 
based on the presence of peaks with migration times comparable but 
distinctly different from those of the normal hydrogen peaks. The mass 
spectrum (/u/r ==0-50) of the gasscs from the heated nickel wire cathode 
was obtained following the recording of the gas chrotnatograph. As the 
10 ionization energy was increased from 30 eV to 70 cV a »t/e^4 peak was 
observed thai was equivalent to that shown in FIGURE 41 A. Helium was 
not observed in the gas chromatography The mfe^A peak was assigned 
to Ji;(U p). The rcaciion follows from Eq. (32). / p) serves as a° 

signature for the presence of dihydrino molecules. 



I 5 



FIGURE 47 shows peaks assigned to If, 2r'«— kj, f/;^«i=.' 



2 C « 

3 



and 



The results indicate thai new forms of hydrogen molecules 

were delected based on the presence of peaks that drd not react with the 
iccombiner with migration times distinctly different from those of the 
normal hydrogen peaks. Control hydrogen run (FIGURE 45) before and 
2 0 aftei the Jesuit shown in FIGURE 47 showed no peaks due to 

recombination by the 100% CuO recombiner. The mass spectrum 
(m/^0-50). of the gasscs from the Ki discharge tube on-line with the 
mass spectrometer was obtained following the recording of the gas 
chromatography As the ionization energy was increased from 30 eV \o 

2 5 70 cV a ,n/<--4 peak was observed that was equivalent to that shown in 

FIGURE 4 I A. The reaction follows from Eq. (32). H;(] / p ) serves as a 
signature for the presence of dihydrino molecules. As the pressure was 
ttih>cet\ by pumping, the ir/r = 2 peak split equivalent to that shown in 
FIGURE 4 IB. In this case, the response of the mfe=2 peak to ionization 

3 0 potential was significantly increased. The split mU^l peak and the 

signifjcani response of the ion current to ionization potential are further 
signatures for dihydrino. 



13.4,4 Discussion 
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The results of the caloiiinciiy of the decomposition reaction of 
increased binding energy hydrogen compounds can not be explained by 
conventional chemistry. In addition to novel reactivity, oilier tests 
confirm increased binding energy hydrogen compounds. The cathode of 
5 the K } CO, HLP Electrolytic Cell described in the Crystal Samples from an 
Electrolytic Cell Section was removed from the cell without rinsing and 
stored in a plastic bag for one year. White-green crystals were collected 
physically from the nickel wire. Elemental analysis. XPS. mass 
spectroscopy, and XRD were performed. The elemental analysis is 
I 0 discussed in the Identification of Hydrino Hydride Compounds by Mass 
Spectroscopy Section. The results were consistent with the reaction 
given by Eqs. (55-57). The XPS results indicated the presence of hydrino 
hydride ions. The mass spectrum was similar to that of mass 
spectroscopy electrolytic cell sample «3 shown in FIGURE 24. Hydrino 

1 5 hydride compounds were observed. Peaks were observed in the X-ray 

diffraction pattern which could not be assigned to any known compound 
as shown in the Identification of Hydrino Hydride Compounds by XRD (X- 
roy Diffraction Spectroscopy) Section (XRD sample HI A). Heat that could 
not he explained by conventional chemistry and dihydrino were 

2 0 observed by thermal decomposition with caloiimctry and «as 

chromatography studies, lexpcctively t as shown hcrem. 

In addition, the material on the cathode of the K 7 CO-. Thcrmacore 
bieciroiyiic Ccii aiso showed novel thermal decomposition chemistry as 
well as new spectroscopic features such as novel Raman peaks (Raman 

2 5 sample ffl). Samples from the K,CQ S electrolyte such as that from the 

Thermacorc Electrolytic Cell showed novel features over a broad range of 
spectroscopic characterizations (XPS (XPS sample #6). XRD {XRD sample 
#2). TOFSIMS (TOFS1MS sample fM). FTIR (FTIR sample II). NMR (NMR 
sample ff I ), and ESITOFMS (ESITOFMS sample #2). Novel reactivity was 

3 0 obscived of the electrolyte sample treated with HNO t . The yellow-white 

crystals that formed on the outer edge of a crystallization dish from the 
acidified electrolyte of the K : CO y Thcrmacore Electrolytic Cell reacted 
with sulfur dioxide to form sulfide compounds including magnesium 
sulfide. The reaction was identified by XPS. This sample also showed 
novel features over a broad range of spectroscopic characterizations 
(mass spectroscopy (mass spectroscopy electrolytic cell samples tf5 and 
HO), XRD (XRD samples 03A and 0313). TOFSIMS (TOFSIMS sample 03), 
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and FHR (IT1R sample M)). 

The results from XPS. TOPS I MS, and mass spectroscopy siudies 
identify thai crystals from the BU> and Thermacore cathodes as well as 
crystal from the electrolytes may react with sulfur dioxide in air 10 form 
5 sulfides. The reaction may be siiane oxidation to form a corresponding 
hydrino hydride siloxane with sulfur dioxide reduction to sulfide. Two 
silicon-silicon bridging hydrogen species of the siiane may be replaced 
with an oxygen atom. A similar reaction occurs with ordinary sitanes (F. 
A. Cotton, G. Wilkinson, Advanced Inorpanic Chemistry, Fourth Edition, 

I 0 John Wiley & Sons, New York, pp. 3B5-386.). 

As a further example of novel reactivity, the nickel wire from the 
cathode of the Thermacore Electrolytic Cell was reacted with a 0.6 M 
K,CO y B% // ? 0, solution The reaction was violent and strongly 
exothermic. These results without convention explanation correspond to 

1 5 and identify increased binding energy hydrogen compounds according to 
the present invention. The latter result also confirms the application of 
rncseased binding encigy hydrogen compounds as solid fuels. 



WO 99/05735 



PCT/US98/I4029 



I 4 2 



LUiXrilcj ion S |>ec,Ln>S copy) 

XRD measures the scattering of X-rays by crystal atoms, producing 
5 a diffraction pattern thai yields information about the structure of (he 
crystal. Known compounds can be identified by lheir characteristic 
diffraction pattern. XRD was used to identify the composition of an ionic 
hydrogen spillover catalytic material: 40% by weight potassium nitrate 
[KNO y ) on Grafoil wjth 5% by weight I %-Pt-on-graphtlic carbon before 
10 and after hydrogen was supplied to the catalyst, as described at pages 
57-62 of PCT/US96/07949. Calorimetry was performed when hydrogen 
was supplied to test for catalysis as evidenced by the enthalpy balance. 
Ths new product of the reaction was studied using XRD. XRD was also 
obtained on crystals grown on the stored cathode and isolated from the 

1 5 electrolyte of the K 7 CO, clccirolyiic cell described in the Crystal Samples 

Horn an Electrolytic Cell Section. 

13.5.1 l';x peri mental Methods 

2 0 13.5.1.1 Spillover Catalyst Sample 

Catalysis was confirmed by calorimetry. The enthalpy released by 

catalysis (heat of formation* was rlcinminpri from f low in «, hw/ir/%«»» 

*••-»>■•-» & 

the presence of ionic hydrogen spillover catalytic material: 40% by 
weight potassium nitrate (W,) on Grafoil wiih 5% by weight 1%-Pt-on- 

2 5 graphitic carbon by heat measurement, i.e.. thermopile conversion of 

heat into an electrical output signal or Cajvel calorimetry. Steady state 
enthalpy of reaction of greater than 15 W was observed wiih flowing 
hydrogen over 20 cc of catalyst. However, no enthalpy was observed 
with flowing helium over the catalyst mixture. fcmhalpy rates were 

3 0 reproducibiy observed which were higher than thai expected from 

reacting of all the hydrogen entering the cell ro water, and the total 
energy balance observed was over 8 times greater than that expected if 
all the catalytic material in the ceil were converted to the lowest energy 
state by "know,," chemical reactions. Following the run, the catalytic * 
3 5 material was removed from the cell and was exposed to air. XRD was 
performed before and after the run. 
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13.2.1.2 Elccirolytic Cell Samples 

Hydiino hydride compounds were prepared during the electrolysis 
of an aqueous solution of K 7 CO y corresponding to the transition catalyst 
K* / K* The cell description is given in the Crystal Samples from an 
5 Electrolytic Cell Section. The cell assembly is shown in FIGURE 2. The 
crystals were obtained from die cathode or from the electrolyte: 

Sample 01 A. The cathode of the K 7 CO y BLP Electrolytic Cell was 
removed from the cell without rinsing and stored in a plastic bag for one 
10 year. White-green crystals were collected physically from the nickel 
wire. Elemental analysis, XPS, mass spectroscopy, and XRD were 
performed. 

Sample 01 B. The cathode of a K 2 CO s electrolytic cell run at Idaho 
National Engineering Laboratories (JNEL) for 6 months that was identical 
to that of .Sample H I A was placed in 28 liters of 0.6M KXOJ\0% //.O.- A 
violent exothermic reaction occurred which caused ihc solution to boil for 
over one hour. An aliquot of the solution was concentrated len fold with 
a rotary evaporator at 50 °C. A precipitate formed on standing at room 
temperature. The crystals were filtered, and XRD was performed. 

Samples t\7. The sample was prepared by concentrating the KX'O, 
electrolyte from the Thcimacore Electrolytic Cell until yellow-white 
crystals just formed. Elemental analysis, XPS, mass spectroscopy, 

2 5 TOES1MS, FT1R, NMR. and XRD were performed as described in the 

corresponding sections. 

Sample 03A and «3B. Each sample was prepared from the crystals 
of sample tf2 by 1.) acidifying the X^CO, electrolyte of the Therroncore 

3 0 Electrolytic Cell with HNO> . 2.) concentrating the acidified solution to a 

volume of 10 cc. 3.) placing the concentrated solution on a crystallization 
dish, and 4.) allowing crystals to form slowly upon standing at room 
temperature. Yellow-white ciystals formed on the outer edge of the 
crystallization dish (the yellow color may be due to the continuum 
3 5 absorption of H~(n^lf2) in the near UV, 407 nm continuum)- These crystals 
comprised Sample «3A. Clear needles formed in the center. These 
crystals comprised Sample 33B. The crystals were separated carefully, but 
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some con.amina.ion of Sample #313 wi.h Sample «3A crystals probably 
occurred to a minor extent. XPS (XPS sample »J0). mass spectra (mass 
spectroscopy electrolytic cell samples #5 and #6), TOFSJMS spectr. 
(TOFSIMS samples «3A and MB), and FT1R spectrum (FTIR sample «4) 
wc.e also obtained. 

Sample HA. The K,CO t BU» Electrolytic Cell was made I M in | fW 
and acidified with UNO,. The solution was dried and heated to a melt ,1 
120 °C whereby NiO formed. The solidified melt was dissolved in ,/ 0 
and the NiO was removed by filtration. The solution was concentrated 
unt.l crystals just appeared at 50 °C. White crystals formed front the 
solution standing at room temperature. The crystals were obtained by 
f.luat.on. and futther purified from KNO> by recry S ,alli,i„ s with distilled 
water. 

13.5.1.3 Gas Cell Sample. 

Sample #5. Hydrino hydride compounds were prepared i„ a vapor 
Phase gas cell with a tungsten /.lament and K, as the catnlys, The h,,l, 
temperature gas cell shown i„ FIGURE 4 was used to produce hydrino * 
hydr.de compounds wherein hydrino atoms n,e formed from the 
ca.alys.s of hydrogen using potassium ions and hydrogen atoms ,n the 
gas phase as described for the Gas Cel. Sample of the' Identification of 
Mydr.no Hydride Compounds by Mass Spectroscopy Sect.on. The sample 
was prepared by I.) rinsing the hydrino hydride compounds fron, the 
cap of the cell where it was preferentially cryopumped with sufficient 
water that all water soluble compounds dissolved. 2.) filtering the 
solunon to remove water insoluble compounds such as metal 3 ) 
conccn.ra.mg ,he solution until a precip.ta.e jus. formed with t |,e 
solunon a, 50 »C. 4.) allowing ye.low.slv reddish-brown crystals to form 
on siand.ng a. room temperature. 4.) filtering and drvins the crvstals 
before XPS, mass spectra, and XRD were obtained. 

13.5.2 Results and Discussion 

The XRD patterns of the spillover catalyst samples were obtained a, 
Pennsylvama S.atc Un.versity. The XRD pat.em before supplying 
hydrogen ,o the sp.llover catalyst is shown in FIGURE 48. All the peaks 
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are identifiable and correspond 10 the starting caiaiys; material. The XRD 
pattern following ihc catalysis of hydrogen is shown in FIGURE 49. The 
identified peaks correspond to the known reaction products of potassium 
metal with oxygen as well as the known peaks of carbon. In addition, a 
5 novel, unidentified peak was reproducibly observed. The novel peak 
without identifying assignment at 13° 20 corresponds and identifies 
potassium hydrino hydride, and according to the present invention. 

The XRD pattern of the crystals from the stored nickel cathode of 
the tfjCOj electrolytic cell hydrino hydride reactor (sample #1A) was 

1 0 obtained at 1C Laboratories and is shown in HGURt; 50. The identifiable 

peaks corresponded to KHCO r In addition, the spectrum contained a 
number of peaks that did not match the pattern of any of the 50,000 
known compounds in the data base. The 2-ihcta and <1- spacing* of the 
unidentified XRD peaks of the crystals from the cathode of the K,C0 3 
) 5 electrolytic cell hydrino hydride reactor are &iven in TABLE 9. The novel 
peaks without identifying assignment given in TABLE 9 corresponds and 
identifies hydrino hydride compounds, according to ihc present 
invention. 

In addition, the elemental analysis of the crystals was obtained at 

2 0 Galbraith Laboratories. )t was consistent with the sample comprising 

KliCOy, but the atomic hydrogen percentage was 30% in excess The mass 
spectrum was similar to thai of mass spectroscopy electrolytic cell 
sample //3 shown in FIGURE 24. The XPS contained hydrino hydride ion 
peaks H~{n = 1 1 p) for p-2 to p=16 that were partially masked by ihc 
2 5 dominant spectrum of KHCO y These results are consistent with the 

production of K7/C0, and hydrino hydride compounds from K ) CO i by the 
formation, of hydrinos by the K 7 CO } electrolytic cell hydrino hydride 
reactor and the reaction of hydrinos with water (Eqs. (55-57). 
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ITcZL I* 2 ; hCla V" d ' SpaCinf ' S ° f ,hC ""Wenlificd XRD peaks of 
the crystals from the cathode of the KXO y electrolytic cell bydrioo 
hydride reactor (^mp)c //I A). 



Peak Number 
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3 
4 
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6 
7 

10 
1 1 

12 
13 
10 
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33 
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39 
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2 - The la 
(l>eg) 



1 1.36 

14.30 

16.96 

17.62 

19.65 

21.51 

26.04 

26.83 

27.34 

27.92 

32.43 

35.90 

36.79 

40.41 

44. 18 

46.28 

47.60 



(J 
(A) 



7.7860 

6.1939 

5.2295 

5-0322 

4.5168 

4.1303 

3.4226 

3.3230 

3.2621 

3.1957 

2.7612 

2.4961 

2.4433 

2.2319 

2.0502 

1.9618 

1.9104 



of KUcJ >2 PlC n " h Pa,tCm ""«P«-*«i «o idoifeble peaks 

of K1H.0,. In add.uon. ,hc spectrum contained unidentified peak, a, 2- 

TatuTuI '"I d SPaCin8S 8,VC " " TABLE 10 Thc "™ ' P-ks Of 
TABLE 0 w,,bow identifying alignment correspond ,o and identify 
hydr.no hydr.de compounds that where isolated from the cathode via , 
reaction wiih 0 6M K CO 1 1 ()<*• m ^> , „ • , cat node \»a a 

x.lC/./lU* « j0 „ accord.n" to the present invention. 
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TABLE 10. The 2-thcin and d-spacings of the unidentified XRO peaks of 
Ihc crystals isolated following reaction of the cathode of the INEL K 7 CO, 
electrolytic eel! with 0.6M K } CO } /\0% H 2 0 ; {sample #IB). 

2 - Thcta d 
(Dcg) (A) 

12.9 6.052 
30.5 2.930 
35.9 2.501 
10 

The XKD pauern of the crystals prepared by concentrating the 
electrolyte from the A^CO, Thermacore Electrolytic Cell until a precipitate 
just formed (sample U7) was obtained at IC Laboratories and is shown in 

1 5 FIGURE 5L flic identifiable peaks corresponded to a mixture of 

K 4 H ? (CO y \ '\.5H,0 and K y CO y - 1.5/7 ? 0. In addition, the spectrum contained a 
number of peaks that did not match the pattern of any of the 50.000 
known compounds in the data base. The 2-ihcla and d-spacings or the 
unidentified XRD peaks of the crystals from ihe cathode of the KXO y 

2 0 electrolytic cell hydrino hydiide reactor are given in TABLE II. The 

novel peaks without identifying assignment given in TABLE I] 
ccrre^rr**'* ... ^, ...^ », 4 _ „ . 

I Kr ,W, " M, »J h^w.j.i.w jtjwuttt. ^wuij/vkikiuA, .iv.\.VMHItX tO tnC 

present invention. 

In addition, the elemental analysis of the crystals was obtained at 

2 5 Galbraith Laboratories. It was consistent with the sample comprising a 

mixture of KJI^CO^ -l.5H 7 0 and K 2 CO, ■ 1.5 but the atomic hydrogen 
percentage was in excess even if the compound were considered 100% 
KMiCO^-lSHyO. The XPS (FIGURE 21). TOFSIMS (TABLES 13 and 14). 
ETIR (FIGURE 68). and NMR (FIGURE 73) were consistent with hydrino 

3 0 hydride compounds. 
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TABLE II. The 2-(hela and d-spadngs of the unidentified XRD peaks of 
the crystals from ^CO, electrolytic cell hyclrino hydride reacior (sample 



#2) 



Peak Number 



10 12 



I 5 



20 



2 5 



30 



35 



2 - Tlicia <l 
t^S) (A) 



2 12 15 7.2876 

4 12 91 6.8574 

8 24.31 3.6614 

20 46 3.1362 

15 30.20 2.9594 
31 39.34 2.2906 
33 40.63 2.2206 
36 43.10 2.0991 
40 45.57 , 9905 

42 46.40 1.9570 

16 47.59 1.9,4, 
47 47.86 1.9006 
52 50.05 1.7958 
54 51.75 1.7665 

56 52.65 1.7386 

57 53.8I 1.7037 

58 54.4 6 1.6850 
60 56.49 1.629? 
63 58.80 1.5685 

65 60.93 1.5207 

66 63.04 1.<1747 



For sample »3A, .he XRD pattern corresponded to identifiable 
peaks of KHO t . In addition, the spectrum contained unidentified peaks a. 
Mhcta values and d-spacings g.ven in TABLE 12. The novel peaks of 
TABLE 12 without identifying assignment correspond to and identify 
hydnno hydride compounds, according ,o ■he present mvenuon The 
assignment of the compounds containing hydrino hydride ions was 
conf.rmed by the XPS of these crystals shown in FIGURE 21. 

TABLE 12. The 2-ihcta and d-spacings of the unidentified XRD peaks of 
the yeJiow-whhc crystals .hat formed on the. outer edge of a 
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crystallization dish from ihc acidified electrolyte of the KXO, 
Thermacore ISlcctrolylic Cell (sample «3A). 



5 



1 0 



I 5 



2-Thcta 
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(Dcg) 


(A) 


20.2 


4.396 


22.0 


4.033 


24.4 


3.642 


26.3 


3.391 


27.6 


3.232 


30.9 


2.894 


31.8 


2.795 


39.0 


2.307 


42.6 


2.124 


48.0 


1 897 



Por sample «3B. .he XRD pattern corresponded to identifiable peaks 
of KNOy In addition, the spectrum contained very small unidentified 
2 0 peaks at 2-lheta values of 20.2 and 22.0 which were attributed to minor 
contamination with crystals of sample «3A In addition to .he peaks of 
K7V0., the XPS spectra of samples S3A and «3I3 contained the same peaks 
as those assigned to hydiino hydride ions in FIGURE I9 However, il, c ; v 
intensity was significantly greater in the case of the XPS spectrum of 

2 5 sample »3A as compared to the spectrum of sample ,1313. 

For sample 84, the XRD pattern corresponded to identifiable peaks 
of KNOy In addition, the spectrum contained unidentified peaks at a 2- 
thc.a value of 40.3 and d-spacing of 2.237 and at a 2-theta value of 62.5 
and d-spacing of 1185 The novel peaks without identifying assignment 

3 0 correspond to and identify hydrino hydride compounds, according "to the 

present invention. The assignment of hydiino hydride compounds was 
confirmed by the XPS. The spectrum obtained of these crystals had the 
same hydrino hydride ions XPS peaks as that shown in FIGURE 19. Also, 
mass spectroscopy was performed by the method given in the 
3 5 Identification of Hydrino Hydride Compounds by Mass Spectroscopy 
Section. The mass ranges m I , = | , 0 2 20 and m/ e .-^|iol20 were scanned. 
The mass spectrum was equivalent to that to that of mass spectroscopy 



WO 99/05735 



rCI7US9S/M029 



I 50 

electrolytic cell sample «3 shown in FIGURE 2 with parent peak 
identifications shown in TABLE 4 except thai the following new hydrino 
hydride compound peaks were present. SiJ! n O (mU = MO), Si 2 H t 
t>p/r = 64), SiH t ( rnf c = 36), and SHI, (>/<>=-- 30). 
5 For sample #5, the XRD spectrum contained a broad peak with a 

maximum at a 2-ihcia value of 21.291 and d-spneing of 4.1699 and one 
sharp intense peak at a 2-theta value of 29.479 and d -spacing of 3.0277. 
The novel peaks without identifying assignment correspond to and 
identify hydrino hydride compounds, according lo lnc [ncscn( invention. 

1 0 The assignment of compounds containing hydrino hydride ions was 

confirmed by XPS. The origin of the ycllowish-reddislvbrown color of 
the crystals is assigned to the continuum absorption of //"(» = 1/2) in the 
near UV, J07 nm continuum. This assignment is supported by the XPS 
results which showed a large peak at the binding energy of H'{n « t /2), 3 
15 eV (TABLE I). Also, mass spectroscopy was perfoimcd as given in the 
Identification of Hydrino Hydride Compounds by Mass Spectroscopy 
Section. Mass spectra appear in FIGURES 28A-28B and 29, and the peak 
assignments are given in TABLE 4. Hydrino hydride compounds were 
observed. 

20 

A2.:.(L Jijeni i f icai ion oOigdrino^ j j y dr tno Jjyjdj qdc_ Compo unds, a nd 
i>jIiydrj_nQ ^oJ^.cidar_ Joj}_Foxn 

The catalysis of hydrogen was detected by the extreme ultraviolet 

2 5 (EUV) emission (912 A) from transitions of hydrogen atoms lo form- 

hydrino. The principle reactions of interest arc given by Eqs. (3-5). The 
corresponding extreme UV photon is: 

-4Tj---- >/ { i 2 t ] +<;:2/i (64 > 

llydrinos cm aci as a catalyst because the excnat.on and/or ionization 
30 energies n.c „,X27.2«-V (Eq. (2)). For example, the cqnaiion for the 

absorption of 27.21 eV, ,„=) in Eq. (2). during ihe catalysis of wj^j by 

the hydrino H^l thai is ionized is 

"• 2, ' V + ^]+^]-»W-+'- + «[^]*|3'-2' W 13,6eV-27.2l*K. (65) 
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ir *f* _ 1 //pi?.j.nx 6 ^v (66) 
And, the overall reaction is 

w[^]+ "pf ] » /'[^]*13 J -2 } - 4]XI16^ + I3.6 ,V <6 7) 

The corresponding cxiremc UV phoion is: 

The same transition can also be catalyzed by potassium ions 

'(t]^-^^] 4 9,2/1 (69) 

The reaction of a proton with the hydrino atom to form the 
dihydrino molecular ion U\\2c = a v \ according to the first stage of the 
10 reaction «iven by Eq. (37) was detected by EUV spectroscopy. The 
corresponding extreme UV photon corresponding lo ihe reaction of 
hydrino atom /^--j with a proton is: 

\ ~P l + H > 2< ~ " ] yhV ° 20 nm } ( 7 0 > 

Ihc emission of the dihydrino molecular ion may be split doe to coupling 

1 5 with rotational transitions. The rotational wavelength including 

vibration given in the Vibration of Hydrogen -Type Molecular Ions 
Section of '06 Milk HUT i<; 

, 169 

7\77T] f,m < 7I > 

The hydrino hydride compounds with transitions in the regions of 

2 0 the hydrino hydride ion binding energies given in TABLE 1 and the 

corresponding continua were also detected by EUV spectroscopy. The 
reactions occurred in a gas discharge cell shown in FIGURE 52. Due to the 
extremely short wavelength of the radiation to be detected, "transparent" 
optics do not exist. Therefore, n windowlcss arrangement was used 

2 5 wherein the sample oi source of the studied species was connected to the 

same vacuum vessel as the grating and detectors of the UV spectrometer. 
Windowless EUV spectroscopy was performed with an extreme 
ultraviolet spectrometer that was mated with the cell by a differentially 
pumped connecting section that had a pin hole light inlet and outlet. The 

3 0 cell was operated under hydrogen flow conditions while maintaining a 
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constan! hydrogen prcssntc with a mass flow controller. The apparatus 
used 10 study ihe extreme UV spectra of the gaseous reactions is shown 
in FIGURE 52. It contains four major components: gas discharge cell 907, 
UV spectrometer 991. mass spectrometer 994, and connector 976 which 
5 was differentially pumped. 

13.6.1 experimental Methods 

The schematic of lhc gas discharge cell light source, the extreme 
10 ultraviolet (EUV) spectrometer for windowlcss EUV spectroscopy, and the 
mass spectrometer used to observe hydrino, hydrino hydride ion, 
increased binding energy hydrogen compound, and dihydrino molecular 
ion- formations and transitions is shown in FIGURE 52. The elements of 
the segment of the apparatus -of FIGURE 52 marked "A", correspond in 

1 5 structure and function to the like-numbered 500-scrics elements of 

FIGURE 6. The construction of the FIGURE 6 device is described in the 
Gas Discharge Cell Section, above. The apparatus of FIGURE 52 contained 
the following modifications. 

The apparatus of FIGURE 52 funher contained a hydrogen mass 

2 0 flow conuolier 934 which maintained the hydrogen pressure in cell 907 

with differential pumping at 2 lorr. The gas discharge cell 907 of FIGURE 
52 funher comprised a catalyst reservoir 971 for AWO, or K! catalyst 
that was vaporized from the catalyst reservoir by healing with the 
catalyst heater 972 using healer power supply 973. 

2 5 The apparatus of FIGURE 52 further included a mass spectrometer 

apparatus 995 which was a Dycor System 1000 Quadrapolc Mass 
Spectrometer Model JVD200MP with a HOVAC Dri-2 Turbo 60 Vacuum 
System connected to an EUV spectrometer 991 by line 992 and valve 
993. The EUV speciromeler 991 was a McPherson extreme UV region 

3 0 spectrometer, Model 234/302VM (0.2 meter vacuum ultraviolet 

spectrometer) with a 7070 VUV channel electron multiplier. The scan 
interval was 001 nm, the inlet and outlet slit were 30-50 /im, and the 
detector voltage was 2400 volts. EUV spectrometer 991 was connected 
to a turbomolecnlar pump 988 by line 985 and valve 987. The 
3 5 spectrometer was continuously evacuated to 10**- 10** lorr by the 
turbomolecnlar pump 988 wherein the pressure was read by cold 
cathode pressure gauge 986. The EUV spectrometer was connected to 



WO 1W05735 



PCT/US98/14029 



153 

the gas discharge celt light source 907 by connector 976 which provided 
a light path through the 2 mm diameter pin hole inlet 974 and the 2 mm 
diameter pin hole outlet 975 to the aperture of the EUV spectrometer. 
The conncclor 976 was differentially pumped to 10^ torr by a 

pump 988 wherein the pressure was read by cold 
cathode pressure gauge 982. The turbomolccular pump 984 connected to 
the connector 976 by line 981 and valve 983. 

In the case of KNO y i he catalyst reservoir temperature was 450- 
500 °C. In the case of Ki catalyst, the catalyst reservoir temperature was 
10 700-800 °C. The cathode 920 and anode 910 were nickel. In one run, 
the. cathode 920 was nickel foam metal coated with KI catalyst. For 
other experiments. I.) the cathode was a hollow copper cathode coated 
with A7 catalyst, and the conducting cell 901 was the anode. 2.) the 
cathode was a l/ft inch diameter stainless steel tube hollow cathode, the 

1 5 conducting cell 901 was the anode, and K) catalyst was vaporized 

directly into the center of the cathode by heating the catalyst reservoir 
to 700-800 °C. or 3.) the cathode and anode were nickel and the KI 
catalyst was vaporized from the KI coated eel! walls by the plasma 
dischar ge. 

2 0 I he vapor phase transition reaction was continuously carried out in 

gas discharge cell 907 such that a flux of extreme UV emission was 
produced therein. The ccJI was operated under flow conditions with a 
total pressure of 1-2 Eorr controlled by mass flow controller 934 where 
the hydrogen was supplied from the tank 980 through the valve 950. 

2 5 The 2 torr pressure under which ceil 907 was operated significantly 

exceeded the pressure acceptable to run the UV spectrometer 99); thus, 
the connector 976 with differential pumping served as "window" from 
the cell 907 to the spectrometer 991. The hydrogen that flowed through 
light path inlet pin hole 974 was continuously pumped away by pumps 

3 0 984 and 988. The catalyst was partially vaporized by heating the 

catalyst reservoir 97), or it was vaporized from the cathode 920 by the 
plasma discharge. Hydrogen atoms were produced by the plasma 
discharge. Hydrogen catalysis occurred in the gas phase with the contact 
of catalyst ions with hydrogen atoms. The catalysis followed by 
3 5 disproportionate of atomic hydrinos resulted in the emission of photons 
directly, or emission occurred by subsequent reactions to form dihydrino 
molecular ions and by formation of hydrino hydride iom and compounds. 
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Further emission occuircd due to excitation of increased binding energy 
hydrogen species and compounds by the plasma. 

13.6/2 Results and Discussion 

5 

The HUV spectrum (20--75«m) recorded of hydrogen alone and 
hydrogen catalysis with KNO y catalyst vaporized from the catalyst 
reservoir by healing is shown in FIGURE 33. The broad peak at 45.6 nm 
with the presence of catalyst is assigned to the potassium electron 

10 recombination reaction given by Eq. (4). The predicted wavelength is 

45.6 nm which is agreement with thai observed. The broad nature of the 
peak is typical of the predicted continuum transition associated with the 
electron transfer reaction. The broad peak at 20-40 nm is assigned to the 
continuum specwa of compounds comprising hydrino hydride . ions 

15 //"(l/8)--/r(WI2), ihc broad peak nt 51-65»/>2 is assigned to the 
continuum specna of compounds comprising hydrino hydride ion 
//"(!/ 6). 

The fcUV spectrum (90- 93 nm) recorded of hydrogen catalysis with 
Kl catalyst vaporized the nickel foam metal cathode by the plasma 
2 0 discharge ,s shown in FIGURE 54. The GUV spectrum (89-93™) lecorded 
of hydrogen catalysis wiih a five way stainless sicel cross gas discharge 
cell thai served as the anode, a stainless steel hollow cathode, and Kl 
catalyst thai w;:s vaporized directly into the plasma of the hollow 
cathode from the catalyst reservoir by healing which is superimposed on 

2 5 four control (no catalyst) runs is shown in FIGURE 55. Several peaks are 

observed which are not present in the spectrum of hydrogen alone as 
shown in FIGURE 53. These peaks arc assigned to the catalysis of 
hydrogen by JT/JT (Eqs. (3o); Eq. (64)) wherein the line splitting of 
about 600 cm ' is assigned to vibrational coupling with gaseous Kl dimers 

3 0 which comprise the catalyst |S. Doiz. W. T. Smith, E. H. Taylor, The Journal 

of Chemical Physics. Vol. 34, No. 2, (1961), pp. 558-564}. The splitting of 
the 91.75 nm line corresponding to hydrogen catalysis by vibrational 
coupling is demonstrated by comparing the spectrum shown in FIGURE 
54 with the EUV spectrum (90-92.2 nm) recorded of hydrogen catalysis 
3 5 wiih Kl catalyst vaporized from the hollow copper cathode by the 
plasma discharge shown in FIGURE 56. Wiih sufficient vibrational 
energy provided by the catalysis of hydrogen, the dimcr is predicted to 
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dissociate. The feature broad feat me at 8f) nm of FIGURE 55 may 
represent the Kl dimcr dissociation energy of 0.34 eV . Vibrational 
excitation occurs during catalysis according to Fq. (3) to give shorter 
wavelength emission for the reaction given by Fq. (64) or longer 
5 wavelength emission in the case that the transition simultaneously 

excites a vibrational mode of ihe Kl dimcr. Roiational coupling as well as 
vibrational coupling is also seen in FIGURE 55. 

In addition lo the line spectra shown in FIGURES 54, 55, and 56, the 
catalysis of hydrogen was predicted to release energy through excitation 
I 0 of normal hydrogen which could be observed via EUV spectroscopy by 
eliminating die contribution due k> ibe discharge. The catalysis reaction 
requires hydrogen atoms and gaseous catalyst which arc provided by the 
discharge. The time constant to turn off die plasma was measured with 
an oscilloscope to be less than 100 /mcc. The half-life of hydrogen atoms 

1 5 is of a different lime scale, about one second |N. V. Sidgwick, The 

Chemical Eleme nts and Their .Compounds. Volume ?, Oxford, Clarendon 
Press, (1950), p. 17.), and ihe half-life of hydrogen atoms from the 
stainless steel cathode following termination of the discharge power is 
much longer (seconds to minutes). The catalyst pressure was constant. 

2 0 To eliminate the background emission directly caused by the plasma, the 

discharge was gated with an off lime of 10 milliseconds up to 5 seconds 
and an on lime of 10 milliseconds to 10 seconds. The gas discharge cell 
compiised a five way stainless steel cross thai served as the anode with 
a stainless steel hollow cathode. The Kl catalyst was vaporised directly 

2 5 into the plasma of the hollow cathode from the catalyst reservoir by 

heating. 

The EUV spectrum was obtained which was similar to that shown 
in FIGURE 55. During die sated EUV scan at about 92 m», the dark counts 
(jgniecJ plasma turned off) with no catalyst were 20i2; whereas, the 

3 0 counts in the catalyst case were about 70. Thus, the_ energy released by 

catalysis of hydrogen, disproportionate, and hydrino hydride ion and 
compound reactions appears as line emission and emission due to the 
excitation of normal hydrogen. The half-life for hydrino chemistry that 
excited hydrogen emission was determined by recording ihe decay in the 
3 5 emission over time after the power supply was switched off. The half- 
life with the stainless steel hollow cathode with constant catalyst vapor 
pressure was determined to be about five to 10 seconds. 
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The niJV spectrum (20-l20nm) recorded of normal hydrogen and 
hydrino hydride compounds that were excited by a plasma discharge is 
shown in FIGURE 57 and FIGURE 58, respectively. The position of the 
hydrino hydride binding energies in free space arc shown in FIGURE 58. 
5 Under the low temperature conditions of the discharge, the liydrino 
hydride ions bonded to one or more cations to form neutral hydrino 
hydride compounds which were excited by the plasma discharge to emit 
the observed spectrum. The gas discharge cell comprised a five way 
stainless steel cross thai served as the anode with a hollow stainless steel 

1 0 cathode. In the case of the reaction to form hydrino hydride compounds, 

the K\ catalyst was vaporized directly into the plasma of the hollow 
cathode from the catalyst reservoir by heating. Compared to a discharge 
of standard hydrogen shown in FIGURE; 57, the spectrum of hydrino 
hydride compounds with hydrogen shown in FIGURE 58 has an additional 
15 feature at A = 110<I«/n as well as other features at shorter wavelengths 
<A<80mn) that are not present in the spectrum of a discharge of 
standard hydrogen. These features occur in the region of hydrino 
hydride ion binding energies siven in TABLE 1 and indicated in FIGURE 
58. A series of emission features were observed in the region the 

2 0 calculated free hydrino hydride ion binding energy for ir{U4) 1 10.38 nm 

to //"(!/li) 22.34 nm. The observed features occur at slightly shorter 
wavelengths than that of each free ion indicated in FIGURE 58. This is 
consistent with the formation of stable compounds. The line intensities 
increase with shorter wavelength which is consistent with the formation 

2 5 of the most stable hydrino hydride ion and corresponding compounds 

over time. The EUV peaks can not be assigned to hydrogen, and the 
energies match those assigned to hydrino hydride compounds given in 
the Identification of Mydrmos, Dihydrinos, and Hydrino Hydride Ions by 
XPS (X-ray Photoelectron Spectroscopy) Section. Thus, these EUV peaks 

3 0 arc assigned to the spectra of compounds comprising hydrino hydride 

ions //'(I / <*)-- H {) I \ j) having transitions in the regions of the binding 
energies of the hydrino hydride ions shown in TABLE I. 

The mass spectrum (m/r- 0-100) of the gaseous hydrino hydride 
compounds was recorded alternatively with the EUV spectrum. The 
3 5 mass spectrum (m/^o-ito) of the vapors from the crystals from a gas 
discharge cell hydrino hydride reactor comprising a Kl catalyst and a Ni 
electrodes with a sample heater temperature of 225 °C shown in FIGURE 
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35 with p;jicni peak identifications shown in TABLE 1 arc representative 
of the results. A significant mle = A peak was observed in the mass 
spectrum thai was not present in controls comprising discharge with 
hydrogen alone. The 584 A emission of helium was not observed in the 
S EUV spectrum. The m/, = 4 peak was assigned to n\[\!p) which serves 
as a signature for the presence of dihydiino molecules. 

The XPS and mass spectroscopy results given in the Identification 
of Mydrinos, Dihydrinos, and Hydrino Hydride Ions by XPS (X-ray 
PhotocKcciron Spectroscopy) Section and the Identification of Hydrino 
10 Hydride Compounds by Mass Spectroscopy Section, respectively, and the 
EUV spectroscopy and mass spectroscopy results given herein confirm 
hydrino hydride compounds. 

- The EUV spectrum ( 120- 124.5 nm) recorded of hydrogen catalysis to 
form hydrino that reacted with discharge plasma protons js shown in 

1 5 FIGURE 59. The Kl catalyst was vaporized from the walls of the quart?. 

ceil by die plasma discharge at nickel electrodes. The peaks are assigned 
to the emission due to the reaction given by Eq. (70). The 0.03 a' (42 //#«) 
splitting of the EUV emission lines is assigned t Q the J + 1 to J rotational 
transitions of H' 7 \2c*a p \ given by Eq. (71). wherein the transitional 

2 0 energy of the rcaciams may excite a rotational mode whereby the 

rotational energy j s emitted with ihc reaction energy <o cause a shift to 
shorter wavelengths, or the molecular ion may form in an excired 
rotational level with a shift of the emission to longer wavelengths. The 
agreement of the predicted rotational energy splitting and the position of 

2 5 the peaks is excellent. 

^ccjOiuLoj^JortJ^i^S pmro^BOL-lIQFiLlMSJr 

3 0 Ti,nc -Of-ITight-Secondary-lon-Mass-Spectroscopy (TOFSIMS) is a 

method to determine the mass spectrum over a large dynamic range 0 f 
mass to charge raiios (e.g. „ / e = ,_ 600 ) with extremely high precision (e.g. 
±0.005 omu). The analyic is bombarded with charged ions which ionizes the 
compounds present to form molecular ions in vacuum. The mass is then 
3 5 determined with a high resolution time-of-flight analyicr. 
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1.1.7.1 Sample Collection and Preparation 

A reaction foi preparing hydrino hydride ion-containing compounds 
is given by Eq. (8). Hydrino atoms which react to form hydrino hydride 
5 ions may be produced by an electrolytic cell hydride reactor and a gas cell 
hydrino hydride reactor which were used to prepare crystal samples for 
TOFSIMS. The hydrino hydiide compounds were collected directly in both 
cases* or they were purifjed from solution in the case of the electrolytic 
cell. For one sample, the K 7 C0 3 electrolyte was acidified with HNO } before 
10 crystals were precipitated on a crystallization dish. In another sample, the 
KjCOy electrolyte was acidified with UNO, before crystals were 
precipitated. 

Sample It I . The sample was prepared by concentrating the KX() 3 
15 electrolyte from the Theimacore Electrolytic Cell until yellow-white 
crystals just formed. XPS was also obtained al Lehigh University by 
mounting the sample on a polyethylene support. The XPS (XPS sample 
f/6) t XRD spectra (XRD sample ff2), FT1R spectrum (FT IK sample ff 1), NMR 
(NMR sample #1), and ESITOFMS spectra (ESITOFMS sample tt2) were also 
20 obtained. 

Sample #2. A reference comprised 99.999% KHCO y . 

Sample #3. The sample was prepared by [.) acidifying 400 cc of the 

2 5 K 7 CO } electrolyte of the Thermacore Electrolytic Cell with HNO y> 2.) 

concentrating the acidified solution to a volume of 10 cc, 3.) placing the 
concentrated solution on a crystallization dish, and 4.) allowing crystals to 
form slowly upon standing at room temperature. Yellow-white crystals 
formed on the outer edge of the crystallization dish. XPS (XPS sample 

3 0 ffl0), mass spectra (mass spectroscopy electrolytic cell samples #5 and 

f/6), XRD spectra (XRD samples #3A and tf3B)> and FT1R spectrum (FTIR 
sample #4) were also obtained. 

Sample #4. A reference comprised 99.999% KNO^ 

3 5 

SampFc tf5. The sample was prepared by filtering the K^CO^ BLP 
Electrolytic Cell whh a Whatman 110 mm filter paper (Cat. No. 1450 110) 
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to obtain white crystals. XPS (XPS sample JM) and moss spectra (mass 
spectroscopy electrolytic cell sample tin) were also obtained. 

Sample HO. The sample was prepared by acidifying the /C~ ? CO t 
5 electrolyte fiom the BLP Electrolytic Cell with HNO y . and concentrating the 
acidified solution until yellow-white crystals formed on standing at toom 
icmperatute. XPS (XPS sample #5), the mass spectroscopy of a similar 
sample (mass spcctioscopy electrolytic cell sample #3), and TGA/DTA 
(TGA/DTA sample U2) was also performed. 

10 

Sample «7. A reference comprised 99.999% Na y CO,. 

- Sample The sample was prepared by concentrating 300 cc of the 

K.CO, electrolyte from the BLP Electrolytic Cell using a rotaiy evaporator 

1 5 at 50 °C until a precipitate just formed. The volume was about 30 cc. 

Additional electrolyte was added while heating at 50 4> C until the ciystals 
disappeared. Crystals weie then grown over three weeks by allowing the 
saturated solution to stand in a sealed round bottom flask for three weeks 
at 25-C. The yield was 1 g. XPS (XPS sample Ul). »K NMR {"* NMR 

2 0 sample rM). Raman spectroscopy (Raman sample IM), and liSJTOFMS 

(ESITOFMS sample i/3) were also obtained. 

Sample H9. The sample was prepared by collecting a red/orange 
band of crystals that weie cryopumped to the top of the gas cell hydnno 

2 5 hydride reactor at about 100°C comprising a Kl catalyst and a nickel 

fiber mat dissociaior that was heated to 800 °C by external Mellen 
heaters. The ESITOFMS spectrum (ES1TOFMS sample A3) spectrum was 
also obtained as given in the ESITOFMS section. 

3 0 Sample fliO. The sample was prepared by collecting a yellow band 

of crystals that weie cryopumped to the top of the gas cell hydrino 
hydride reactor at about I20°C comprising a K} catalyst and a nickel 
fiber mat dissociator that was heated to 800 *C by external Mellen 
heaters. 



Sample #11. The sample was prepared by acidifying 100 cc of the 
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K,C0, electrolyte from the BLP Electrolytic Cell with H,SO t . The solution 
was allowed to stand open for three months ni room temperature in a 
250 ml beaker Fine white crystals formed on the walls of the beaker by 
a mechanism equivalent to thin layer chromatography involving 
5 atmospheric water vapor as the moving phase and the Pyrex silica of the 
beaker as the stationary phase. The crystals were collected, and 
TOFSIMS was peifoimcd. XPS (XPS sample 88) was also performed. 

Sample #12. The cathode of a K ? CO, electrolytic cell run at Idaho 
10 National Engineering Laboratories (iNEL) for 6 months thai was identical 
to that of described rn the Crystal Samples from an Electrolytic Celt Section 
was placed in 28 liters of 0.6M K 7 C0J\0% H 7 0 7 . 200 cc of the solution was 
acidified with y/A'0,. The solution was allowed to stand open for three 
months at room tcmpcratme in a 250 mi beaker. White nodular crystals 
I 5 formed on the walls of the beaker by a mechanism equivalent to thin 

layer chromatography involving atmospheric water vapor as the moving 
phase and the Pyrex silica of the beaker as the stationary phase. The 
crystals were collected, and TOFSIMS was performed. XPS (XPS sample 
»9) was also performed. 



20 



25 



Sample #13. The sample was prepared from the cryopurnped 
crystals isolated from the cap of a gas cell hydrino hydride reactor 
comprising a A7 catalyst, stainless steel filament leads, and a W filament. 
XPS (XPS sample 4!<f) was also performed. 



13.7.2 Time-Of-Flight-Secondary Ion Mass-Spcctroscopy (TOFSIMS) 

Samples were sent to Charles Evans East for TOFSIMS analysis. The 
3 0 powder samples were sprinkled onto the surface of double-sided adhesive 
tapes. The instrument was a Physical Electronics, PHI-Evans TFS-2000. 
The primary ion beam was a «Ga liquid metal ion g un wilh a primary 
beam voltage of 15 kV bunched. The nominal analysis regions were 
{\2fim)\ (18/im)', and (25/im)\ Charge neutralization was active. The post 
3 5 acceleration voltage was 8000 V. The contrast diaphragm was zero. No 
energy slit was applied. The gun aperture was 4. The samples were 



WO 99/05735 



PCTAJS98/I4029 



16) 

analyzed without sputtering. Then, the samples were sputter cleaned for 
30 s to remove hydrocarbons with a <tO;//n raster prior to repeal analysis. 
The positive and negative SIMS spectra were acquired for three (3) 
locations on each sample. Mass spectra are plotted as the number of 
5 secondary ions detected (Y-axis) versus the mass-to-charge ratio of the 
ions (X-axis). 

13.7.3 XPS to Confirm Time-Of-Plight-SeccMidary-lon-Mass-Spcciroscopy 

(TOFSIMS) 

10 

XPS was performed to confirm the TOFSIMS data. Samples were 
prepared and run as described in the Crystal Samples from an Electrolytic 
CcH of Che Identification of Hydrinos, Dihydrinos, and Hydrino Hydride 
Ions by XPS (X-ray Photoclcciron Spectroscopy) Section The samples 

1 5 were: 

XPS Sample #10. The sample was prepared by I.) acidifying 400 cc 
of the K 7 CO y electrolyte of the Thermaccre Electrolytic Cell with ///Vc?,, 2.) 
concentrating the acidified solution to a volume of 10 cc. 3 ) placing the 

2 0 concentrated solution on a crystallization dish, and 4.) allowing oysiaJs to 

form slowly upon standing at room temperature. Yellow-white crystals 
formed on ihe outer edge of the crystallization dish. XPS was performed 
by mounting the sample on a polyethylene support. The identical 
TOFSIMS sample was TOFSIMS sample #3. 

25 

XPS Sample &IL The sample was prepared by acidifying the K 7 CO^ 
electrolyte from the BLP Electrolytic Ceil with ///, and concentrating the 
acidified solution lo 3 M. White crystals formed on standing at room 
temperature for one week. ' The XPS survey spectrum was obtained by 

3 0 mounting the sample on a polyethylene support. 

XPS Sample ffT2. The sample was prepared by I.) acidifying the 
K 7 CO y electrolyte from the BLP Electrolytic Cell with HNO>. 2.) heating the 
acidified solution to dryness at 85 °C, 3.) further heating the dried solid 
3 5 to !70°C to form a melt which reacted with MO as a product, 4.) 

dissolving the products in water, 5.) filtering the solution to remove NiQ, 
6.) allowing crystals to form on standing at room temperature, and 7.) 
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rccrystnllizing ihe crystals. The XPS was obtained by mounting ihe 
sample on a polyethylene support. 

XPS Sample #13. The sample was prepared from the cryopuinped 
5 crystals isolated from the 40 °C cap of a gas cell hydrino hydride reactor 
comprising a Kl catalyst, stainless steel filament leads, and a W filament 
which was prepared by L) rinsing the hydrino hydride compounds from 
the cap of the cell where they were preferentially cryopumped, 2.) 
filtering the solution to remove water insoluble compounds such as metal. 
1 0 3.) concentrating the solution until a precipitate just formed with the 

solution ai 50 °C. 4.) allowing yellowish- reddish-brown crystals to form on 
standing at room temperature, and 5.) filtering and drying ihc crystals 
before the XPS and mass spectra (gas cell sample «!) were obtained. 

15 XPS Sample #14 comprised TOFSIMS sample tf)3. 

XPS Sample /M5 comprised 99,99% pure Kl . 



13.7.4 Results and Discussion 



20 



2 5 



In the case that an Af + 2 peak was assigned as a potassium hydrino 
hydride compound in TABLES 13-16 and 18-33. the intensity of ih.» n + 2 
peak significantly exceeded the intensity predicted for the corresponding 
"K peak, and the mass was correct. For example, the intensity of the peak 
assigned to KHKOH, was about equal to or greater than the intensity of the 
peak assigned to K 2 OH as shown in FIGURE 60 for TOFSIMS sample #8 and 
TOFSIMS sample #10. 

For any compound or fragment peak given in TABLES 13 16 and 18- 
33 containing an clement with more than one isotope, only the lighter 
3 0 isotope is given (except in the case of chromium where identifications 

were with w O). In each case, it is implicit that the peak corresponding to 
the other isotopes(s) was also observed with an intensity corresponding to 
about the correct natural abundance (e.g. "M\ "rVi. and 6, M; 6, 0, ami bi Cw 
*CY. »Cr, »Cr; and *Cr; M Z». «Zn 9 &1 Z«, and "Zn; and »h 0 . u Mo *>Mo *Mo 
3 5 »Mo % "Mo y and m Mo). 

In the case of potassium, the *K poiassium hydrino hydride 
compound peak was observed at an intensity relative to corresponding 41 K 
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peak which greatly exceeded ihc natural abundance. In some cases such 
as ?9 K!i; and K^NO,. the "K peak was not preseni or a metastablc neutral 
was preseni. For example, in the case of "*//; , the corresponding n K peak 
was not present. But v a peak was observed at ml t ^41.36 which may 
account for the missing ions indicating that the 4l K species C'KHl) was a 
neutral metastablc. 

A more likely alternative explanation is that "K and m, K undergo 
exchange, and for certain hydrino hydride compounds, the bond energy of 
the "K hydrino hydride compound exceeds that of the "K compound by 
substantially more than the thermal energy The stacked TOFS1MS spectra 
m/ir = 0-50 in the order from bottom to top of TOFSIMS sample C>, tf4, tfl, 

and *8 are shown in FIGURE CIA, and the stacked TOFSIMS spectra 
/jt/f«0-50 in the order from bottom to top of TOFSIMS sample #9, /MO, 
ti\L and *12 are shown in FIGURE 61B. The top two spectra of FIGURE 
15 6IA are controls which show the natural »K/ "ff ratio. The remaining 

spectra of FIGURES 6IA and 6IB demonstrate the presence of *KH: in the 
absence of 4, K//,\ 

The selectivity of hydrino atoms and hydride ions to form bonds 
with specific isotopes based on a differential in bond energy provides the 
2 0 explanation of the experimental observation of the presence' of "KH: in the 
absence of *•*//; in the TOFSIMS specua of crystals from both electrolytic 
and gas cell hydrino hydride reactors which were purified by several 
different methods. A known molecule which exhibits a differential in 
bond energy due to orbital-nuclear coupling is oitho and para hydrogen. 

2 5 At absolute zero, the bond energy of 103.239 kcal/mole; 

whereas, the bond energy of orrho- H 7 is 1O2.900 kcal/mole. In the case of 
deuterium, the bond energy of para- D 3 is 104.877 kcal/mole, and the 
bond energy 0 f onha-D, is 105. 048 kcal/ mole (H. W. Woolcy. R. B. Scott, 
F. G. Brickwedde, J. Res. Nat. Bur. Standards, Vol. 41, (1948), p. 379]. 

3 0 Comparing deuterium to hydrogen, the bond energies of deuterium are 

greater due to the o rea tei mass of deuterium which effects the bond 
energy by altering the zero order vibrational energy as given m 96 Mills 
GUT. The bond energies indicate that the effect of orbital-nuclear coupling 
on bonding is comparable to the effect of doubling the mass, and the 
3 5 orbital-nuclear coupling contribution to the bond energy is greater in the 
case of hydiogcn. The latter result is due to the differences in magnetic 
moments and nuclear spin quantum numbers of the hydrogen isotopes. 
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lor hydrogen, .he nuclear spin quantum number is /=l/2, and (he nuclear 
magnetic moment is „, « 2.79268 where is the nuclear magneton For 
deuterium, / = a „d .0.857387 ,,„. The difference in bond energies of 
para versus ortho hydrogen is 0.339 kcal/moic or 0.015 eV. The thermal 
5 energy of an ideal gas at room temperature given by 3/2AT is 0.038 cV 
where * is the Bonzmann constant and T is the absolute temperature 
Thus. a. room temperature, orbital- nuclear coupling i s inconsequential 
However, the orbital-nuclear coupling force is a function of the inverse 
electron-nuclear distance to the fourth power and its effect on the total 
l 0 energy of the molecule becomes substantial as the bond length decreases. 

The iniemuclcar distance 2c of dihydrino molecule H'S n = i] is 2c = ^ 

, I Pi P 

which is - times that of ordinary hydrogen. The effect of orbital-nuclear 

coupling interactions on bonding at elevated temperature is observed via 
ihe relationship of fractional quantum number to the para to ortho ratio of 
I 5 dihydiino molecules. Only para //; 



20 



25 



30 



'! = - -. 1C ^ 

3 3 



and //,* 



it = - . 2r = = I 

■1 4 J 



are observed in the ease of dihydrino formed v,a a hydrogen discbarge 
wnh the catalyst (*/) where ihe reaction gasscs flowed through a 100% 
CuO recombincr and were sampled by an on-line sas chroma'tograph as 
shown i„ FIGURE 47. Thus, for „>3. the effect of o.bilal-nuclem couplmg 
on bond energy exceeds thermal energy such that the Bolumnnn 
distribution results in only para. 

The same effect is predicted for potassium isotopes. For "K. the 
nuclear spin quantum number is /-3/2. and the nuclear magnetic 
moment is ,,--0.39097 , V For , = 3/2. and = 0.21459 „„ [Robert C. 
Weast, CRC Handbook of Chemistry and Physics. 58 Edition CRC Press 
West Palm Beach. Florida. (1977). p. U 69J. The masses of ,he potassium 
isotopes are essentially the same; however, the nuclear magnetic moment 
or K is about twice that of "* . Thus, in the case that an increased 
bmd.no energy hydrogen species including a hydrino hydride ion forms a 
bond with potassium, the »X compound is favored energetically. Bond 
formation is effecied by orbiial-nuclear coupling which could be 
substantial and strongly dependent of the bond length which is a function 
of the fractional quantum number of the increased binding energy 
hydrogen species. As a comparison, the magnetic energy to flip the 
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orientation of the proton's magnetic momeni, fi r . from parallel lo 
aniiparallel (o the dircciion of ;he magnetic flux B, due to electron spin 
and the magnetic flux B a due lo the orbital angular momentum of the 

electron where the radius of the hydrino atom is is shown in 96 Mills 

n 

GUT (Mills, R., IjLC^j^dJjnjiied Theory of Class ical Q uantum M echanic* 
Sepiembci 1996 Edition, provided by BlackLight Power, inc., Great Valley 
Corporate Center, 41 Great Valley Paikway. Malvern, PA 19355, pp. J00- 
101). The total energy of the transition from parallel to aniiparallel 
alignment. A£**°' M , is given as 



2/j 



(73) 



where corresponds to parallel alignment of the magnetic moments of 

1 5 the election and proton, r,_ corresponds to aniiparallel alignment of the 

magnetic moments of the electron and proton, o H is the Bohr radius of the 
hydrogen atom, and a t is the Bohr radius. In increasing from a fractional 
quantum number of n - I. t = 0 lo n = 5. 4, the energy increases by a 
factor of over 2500. As a comparison, the minimum electron- nuclear 

2 0 distance in the ordinary hydrogen molecule is ^| - ~ j„ 0 = 0.29 « 9 . With 

n = 3; t-7 to give a comparable electron-nuclear distance and with two 
electrons and two protons Uqs. (72) and (73) provide an estimate of the 
orbiiol-nuclcnr coupling energy of ordinary molecular hydrogen of about 
0.01 eV which is consistent with the observed value. Thus, in the case of a 

2 5 potassium compound containing at least one increased binding energy 

hydrogen species with a sufficiently short internuclear distance, the 
differential in bond energy exceeds thermal energies, and compound 
becomes enriched in the 79 K isotope. In the case of hydrino hydride 
compounds KH^ the selectivity of hydrino atoms and hydride ions lo form 

3 0 bonds with *K based on a differential in bond energy provides the 

explanation of the experimental observation of the presence of »KH; in the 
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absence of n KH; in the TOFSIMS spectra given in FIGURES 61 A nnd 61 B. 

The hydrino hydride compounds [mfe) Assigned as parent peaks or 
the coi responding fragments (mtc) of the positive Time Of Flight 
Sccondaiy Ion Mass Spectroscopy (TOFSIMS) of sample #| mken in the 
static mode appear in TABLE 13. 

TABLE 13. The hydrino hydride compounds (m I e) assigned as parent 
peaks or the corresponding fragments (mlt) of the positive Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample if I taken in the 



static mode. 



Hydiino Hydiide 


Nominal 


Observed 


Calculated 


Difference 


Compound 


Mass 


rrt / c 


m / c 


Between 


or fjagmcnt 


rnfe 






Observed 
and Calculated 
m / c 




4 1 


40.98 




40 97936 


0.0006 


Nt 


5 0 


57.93 


57.9353 


0.005 


Nil! 


59 


58 94 


58.943125 


0.003 


M7/ 4 


62 


61.96 


61.9666 


0.007 


K,H X 


B 1 


80.95 


80.950895 


0.001 


KNO : 


B5 


84 955 


84.9566 


0.002 


KflKOli, 


9 7 


96.94 


96.945805 


0.005 




120 


1 19.91 


1 19.914605 


O.0O5 




1 2 1 


120.92 


120.92243 


0.002 


K,OH 4 


t37 


136.92 


136.91734 


0.003 




150 


149.89 


149.8888 


0.001 


K&JL 


151 


150.90 


150.8966 


0.003 




1 57 


156.88 


156.88604 


0.006 




159 


158.87 


158.8783 


0.008 


K\KH KtiCO.) 


163 


163.89 


162.8966 


0.007 


Si! anes/Siloxanes 












165 


164.95 


164.949985 


0 


Si s Ii lt O 


167 


166.97 


166.965635 


0.004 




209 


209.05 


209.052 


0.002 


Si,H v O 


21 1 


211.07 


21 1.06776 


0.002 
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22 1 


221.0166 


22t. 015725 


0.OO0087S 


$i t H> % 0 2 


225 


225.05 


225.047025 


0.003 




249 


249.0520 


249.063 


0.010 



a Interlerence of from 4i K was eliminated by comparing the 4i Kf *K 

I 2 Y 10* 

ratio with the natural abundance ralio fobs. - — = 2V7c nnt ab ratio 

4.7 X 10" 

= - 6 i» = ? . 4%) . 
93.1 



5 The positive ion spectrum was dominated by K\ and Na* was also 

present. Other peaks containing potassium included KC\ K t 0,\ K,0//\ 
KC0\ K 7 \ and a scries of peaks wilh an interval of ! 38 corresponding to 
/CjffXOj)] m i r = (39+ 138«). The metals indicated were in trace amounts. 
The peak fa.?i,// M (/n / «r = 249) given in TABLE 13 can £ive jisc to the 
10 fragments M»Si7f fc (m / * » 57) and S^M,, 192)- These, fragments and 

similar compounds arc shown in the Identification of Hydrino Hydride 
Compounds by Mass Spectroscopy Section. 

Msft,/'* [m / e s= 249) -> NaSiH t (»r / e ^ 57) + 5»„// ?l (/» / « = 192 ) (74) 
A general structure for the Si % H tt O (m / «• = 167) peak of TABLE 13 is 

H H 
> Si 

Si. .OH 
Si Si 

15 H M 

The observation by TOFSIMS of K/VO, is further confirmed by the 

presence of nitrate and nitrite nitrogen in the XPS. (The corresponding 

samples arc XPS sample #6 and XPS sample ff7 summarized in TABLE 17.) 

Nitrate and nitrite fragments were also observed in the negative TOFSIMS 
2 0 of sample tt\. No nitrogen was observed in the XPS of crystals from an 

identical cell operated at Idaho National Engineering Laboratory for 6 

months wherein Na 2 CO. replaced KXO,. 

The hydrino hydride compounds (/»/<') assigned as parent peaks or 
the corresponding fragments (mte) of the negative Time Of Flight 
2 5 Secondary Ion Mass Spectroscopy (TOFSIMS) of sample ill taken in the 
static mode appear in TABLE 14. 
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TABLE 14. The hydrino hydride compounds (mlc) assigned as patent 
peaks or the coiresponding fragments {mfe) of the negative Time Of Right 
Secondary ion Mass Spectroscopy (TOFS1MS) of sample ill taken in the 
static mode. 



Mydiino Hydride 


Nominal 


Observed 


Circulated 


Difference 


Con>pound 


Mass 


m / e 


ml e 


Between 


or Fragment 


m f e 






Observed 
ami Calculated 
n\ ) e 


riots 


2 4 


23.99 


23.997625 


0.008 


Nail 


2 5 1 


25.01 


25.00545 


0.004 


Noli, 


2 6 


26.015 


26.0 1 3275 


0.002 


KB 


4 0 


30. 97 


39.97 1535 


0.001 5 


KfK 


4 1 


40.98 


4 0.9 7 936 


0.0006 


KH, 


4 2 


4 1.99 


4 1 .987 185 


0.0020 


A7f* 0 


4 5 


45.0 1 


4 r o t nan 


0- 000 7 


NO ? 


46 


45.9938 


4S 99289 


0.0009 ! 




48 


48.00 


47.99525 


0.005 


HO, 


62 


01.98 


6 1 .9878 


0.008 


NaHNaOH 


64 


63.99 


63.99016 


0 


KNO : 


8 5 


84.955 


8 4.9 566 


0.002 


Kf lj KOH 


99 


98.95 


90.961455 


0.01 1 




101 


100.95 


100.95151 


0.0015 


S i ! a » e s/S 1 1 ox a h c s 










Si 


28 


27.97 


27.97693 


0.007 


Sill 


29 


28.98 


28.904755 


0.005 


K$i!1 l 


7 1 


70.97 


70.97194 


0.002 


KSiH s 


7 2 


71.975 


71.979765 


0.00$ 


KSiH,, 


73 


72.99 


72.98759 


0.002 


SiJ1 ?t O 


205 


205.03 


205.0208 


0.009 



The negative ion spectrum was dominated by the oxygen peak. 
Other significant peaks were OH\ HCO;. and CO * . The chloride peaks 

were also present with very small peaks of the other halogens. According 
to the results presented by Charles Evans of the negative spectra of both 
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sample U] and sample #3 (See TABLE 14 and TABLE 16), "The peak m 
20Sm/2 remains unassigncd." The »i/c = 205 peak is herein assigned to 
Si t H 7t O(m /^ rtfJ = 205. 03; m / e thgmnkli = 205.0208) which is (he peak 

observed in the positive spccirinn minus oxygen, 

Sijl 7} 0 7 {m I e --- 22 1) - 0(m / e - 16) -> Sij!»0(m i e = 205} (75) 
The hydrino hydride compounds {m/e) assigned as parent peaks or 
the corresponding fragments (tn/e) of the positive Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample J/3 taken in the 
static mode appear in TABLE 15. 

TABLE 15. The hydrino hydride compounds {m/e) assigned as paicnt 
peaks or the corresponding fragments (ml*) of the positive Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFS1MS) of sample «3 taken in the 
static mode. 



Hydrino Hydride 
Cornpouixt 
or Fragment 


Nominal 
Mass 
mi e 


Observed 
m/e 


Calculated 
m / r 


Dttlejence 
Between 
Observed 
and Calculated 
in f c 


Ni 


58 


57.93 


67.9353 


0.005 


NiH 


59 


SO. 94 


50.943125 


0.003 


Cn 


63 


62.93 


62.9293 


0 001 


?M 


6 4 


63.93 


63.0291 


0.001 


Znll 


65 


64.94 


64.936925 


0.003 


Zn/I, 


6 7 


66.95 


66.952575 


0.003 


KCO 


67 


G6.9615 


66.95862 


0.002 


KHKOfL 


97 


96 94 


96.94580$ 


0.005 


K y H,0 


1 37 


136.93 


136.9 1734 


0.013 


KMCO, 


139 


138.93 


138.919975 


0.010 


K.OJi 


150 


149:89 


149.0888 


0.001 


K,CO : 


161 


160.0893 


160.081 


0.008 


[/C*I38;j) 4 » = ) 


177 


176.8792 


176 87586 


0.003 
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K ? C\O y 


189 


108.87 


180.87586 


0.006 


*3C 7 0 4 


205 


204.8822 


204.87077 


0.01 1 




209 


200.87 


200.06568 


0.004 


K s CO t 


27T 


270.8107 


270.7982 


0.012 


K s CO, 


287 


286.80 


286.7931 


0.007 


jX* 133/1 ]* n-2 


315 


314.7879 


31 4.7000 


0.000! 



The positive ion spectrum of sample ffj was simitar 10 the positive 
ion spectrum of sample tfl. The spectrum was dominated by K\ rmd A'n* 
was also present. Other peaks containing potassium included KC , K t O t \ 
5 K t OH\ KCO\ and K t * . Common fragments tost were C (mi e [7.0000), 

0(m/r- 15.99491), CO (mf e = 27.99491), and CO, (m I r - 13.98982). The metals 
indicated were in trace amounts. The KOH'tKfi' jatio was higher in ihc 
spectrum of Sample tfl, while the Nn' / K* ratio was . higher the spectrum of 
sample H3. The spectrum of sample H3 also contained K,NO : ' and K\rW,' 
1 0 while the spectrum of sample ti\ contained KNO{ . The series of peaks 

with an interval of J38 were also observed at 39. 177, and 315 t(A" I38»j* ), 
but their intensities were lower in sample #3 The |/ri38«)" set res of 
fragment peaks is assigned 10 hydrino hydride bridged potassium 
bicarbonate compounds having a general formula such as 
\KHCO y H~(\ / p)K* ]^ n = 1,2,3,4,.. and potassium carbonate compounds having 

a general formula such as X(/C 7 CCjj* H'(\ / p) n - 1,2,3,4,... General siiuetiiral 
formulas are 



J 5 



HCO D ' 



\ 



H(1/p) 



and 



K* — H (1 / p)- 



-K- — C0 3 — — K*~ 



H'(1/p)- 



20 
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Positive ion peaks comprising K' bound to muhimcis of potassium 
carbonate were also formed in vacuum with GV bombardment of the 
lefeience KHCO )y sample 112. However, the data support the identification 
of stable compounds comprising potassium carbonate multimcrs formed 
by bonding with hydrino hydride ions. TOFSIMS sample #3 was prepared 
from TOFSIMS sample tfl by acidifying it with HNO y to pH - 2 and boiling it 
to dryness. Ordinarily no K } CO s would be prcseni-ihe sample would be 
100% KNOy The TOFSIMS spectrum of sample 03 was that of a 
combination of (he spectrum of sample 8\ as well as the spectrum of the 
fragments of the compound formed by the displacement of carbonate by 
nitrate. A general structural formula for the reaction is 



K J — H {1 /p)- 



* K 4 — C0 3 ?--K*- 



n 



K* — H'(l/p)- 

r 



K* W0 3 - 



\ / 
H(Up) 



r kco: 



(76) 



The observation by TOFSIMS of hydrino hydride bridged potassium 
carbonate compounds having the general formulae 
^{/f 3 Cc7;) # H'{\! p) n = 1,2.3.4... is further confirmed by the presence of 
carbonate carbon ( C l.v s 789.5 eV) in the XPS of crystals isolaicd from a 
K 7 CO y electrolytic cell wherein the samples were acidified with //.V0.. (The 
XPS results o] interest are XPS sample ttS (TOFSIMS sample U6) and XPS 
sample #10 (TOFSIMS sample #3) summarized in TABLE 17.) During 
acidification of the K 7 C0 3 electrolyte to prepare sample #6, the pH 
repetitively increased from 3 to 9 at which time additional acid was added 
with carbon dioxide release. A reaction consistent with this observation is 
the displacement reaction of NO y for CO]' as given by Eq. (76). The novel 
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nonreactivc potassium caibonaic compound observed by TOFS1MS without 
identifying assignment to conventional chemistry corresponds and 
identifies hydiino hydride compounds, according to the present invention. 

The hydiino hydride compounds (m/r) assigned as parent peaks or 
the corresponding fragments (m/e) of the negative Time Of Might 
Secondary Ion Mass Spectroscopy (TOFS)MS) of sample #3 taken in the 
static mode appear in TABLI: 16. 

TABLE 16. The hydrino hydride compounds {mJc) assigned as parent 
peaks or the corresponding fragments (mfe) of the negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFS1MS) of sample J/3 taken in the 



static mode. 



Mydjino Hydride 


Nominal 


Observed 


Calculated 


Difference 


Compound 


Mass 


tn / e 


m I c 


Between 


or Fragment 


m t e 






Observed 
and Calculated 
til / v 


Nuii 


24 


23.99 


23.997625 


0.008 


NaH 7 


2 5 


25.01 


25 00545 


0.004 


NaH, 


26 


26.015 


26.013275 


0.002 


KH 


40 


39 97 


39.97 1535 


0.00 15 




41 


40.90 


40.97936 


0.0006 


Kit, 


42 


41.99 


4 1.907185 


0.0028 


HCO, 


45 


45.00 


44.997645 


0.007 




46 


48.00 


47.99525 


0.005 




52 


52.00 


52.00130 


0.001 




53 


53.01 


53.009205 


0.0000 


NoHNuOll 


6 4 


63.99 


63.99016 


0 


KM, 


80 


79.942 


79.94307 


0.001 


KH, KOH 


99 


98.96 


98.961 455 


0.001 


Silanes/Siloxnnes 










Si m Ji t2 


96 


96.02 


96.02469 


0.0047 




97 


97.03 


97.032515 


0.0025 ; 


NaSi>H }4 


121 


121.03 


121.03014 


0.0001 


Si 4 U ti O 


143 


143.025 


143.0200 


0.005 
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?05.03 


?05.O2O8 


0.009 



The negative ion spectrum was dominated by the oxygen peaks as 
was the case for the negative spectrum of sample fll. However, instead of 
the halogen peaks, the NO, and /VO, peaks were observed in the spectrum 

5 of sample tfX Furihcrmoic, other peaks which were much more intense in 
the spectra of sample #3 were KN s o; (KNO;, KNO; , KN,0; , KNfi y \ ami 

Silane peaks were also observed. The NaSi y H %4 {m/ e - \2\) peak p.ivcn 
in TABLE 16 can give rise to the fragments NaSiU b (m / e = 57) and 
10 Si 2 H 9 (m / e -64). These fragments and similar compounds are shown in the 
Identification of Hydrino Hydride Compounds by Mass Spectroscopy 
Seel ion. 

Mass spectroscopy and TOFSIMS arc complementary. The former 
! 5 method as implemented herein detects the volatile hydrino hydride 
compounds. TOFSIMS operates in an ultrahigh vacuum whereby the 
volatile compounds are pumped away, but the nonvolatile compounds are 
detected. The TOFSIMS of sample f/3 corresponds to the mass spectrum of 
electrolytic cell sample WS and electrolytic cell sample M6. The mass 
2 0 spectrum (w/< ~0--H0) of the vapors from the yellow-white crystals that 
formed on the ontei edge of a crystallization dish from the acidified 
electrolyte of the A' ? CO, Thcrmacurc Electrolytic Cell (electrolytic cell 

sample H5) with a sample heater temperature of 220 °C is shown in 
FIGURE 26A and with a sample heater temperature of 275 V C is shown in 

2 5 FIGURE 26B. The mass spectrum (mle^ 0-110) of the vapors from 

electrolytic cell sample U6 with a sample heater temperature of 212 °C is 
shown in FIGURE 26C. The parent peak assignments of major component 
hydrino hydiide compounds followed by the corresponding >nle of the 
fragment peaks appear in TABLE 4. The mass spectrum (m / c - 0 - 200) of 

3 0 the vapors from electrolytic cell sample tf6 with a sample heater 

temperature of 147 °C with the assignments of major component hydrino 
hydride silane compounds and silane fragment peaks is shown in FIGURE 
26D. Silane hydiino hydride compounds were also observed and 
confirmed by TOFSIMS as shown in TABLES 15 and 16. 
3 5 The confirmation can be further extended by varying the ionization 



WO 99/05735 



FCT/US9S/ 140*9 



174 

potential of the moss spectrometer. For example, (he TOFSIMS identifies 
the hydrino hydride compound KH y (m f e - '12) as shown in TABLES 14 and 
16. A (m/c = 44) peak assigned to KH y that gives lisc to Kl!,{mfc-42) by 
increasing the ionization energy is observed for the mass spectrum 
( mte - 0- 200) of the vapors from the crystals prepared from cap of a gas 
cell hydrino hydride reactor comprising a Kl catalyst, stainless steel 
filament leads, and a W filament with a sample heater temperature of 157 
°C (The sample was prepared as described in under Gas Cell Samples of 
the Identification of Hydrino Hydride Compounds by Mass Spectroscopy 
Section.) The mass spectra with varying Ionization potential (IP=30 eV, 
IP=70 eV, ||>=1 50 cV) appear in FIGURE 62. The silane Si 3 H 4 is assigned to 
the m/c = 64 peak and the silane Sijf u is assigned to the m/e=128 peak. 
The sodium hydrino hydride is assigned to the w/c~48 peak. A 

structure is 

Ma* 
/ \ 
■«'<Wp) Mtl/p) 

\ / 
Na* 

The corresponding potassium hydrino hydride compound K 7 H } is observed 
by TOFSIMS as given in TABL1I 16 and by mass spectroscopy as shown in 
FIGURES 30A, 30B. 25C 25IX 26D, 34B. and 34C A structure is 

/ K \ 

"(1/P) H'(Wp) 
\ / 

All of the peaks shown in FIGURE 62 corresponding to hydrino hydride 
compounds increased with ionization potential. As the ionization energy 
was increased from 70 eV to 150 eV the ' (m/e « 44) peak increased in 
intensity, and a large w/r-42 peak was observed. Carbon dioxide has a 
(m/f=44) peak, but ii does not have a mie~ 12 peak. The (mle--\<\) peak 
was assigned to The m/e = A2 peak was assigned to KH> produced by 

the following fragmentation reaction of at the higher ionization energy 
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M (Up) H (1 / p)— > H '{\ /p) H-(Wp)+/i 

\ / 



H 3 * 



ir 



(78) 



The «r/e = 42 peak which is nol present at 1P=70 eV but is present at 
1P=I50 eV and the (m/e^44) peak which is present at 1P=70 eV and 
IPrrlSO eV is a signature and identifies K>/ 5 and KU>. 
5 Shown in FIGURE 63 is the mass spectrum (m/e = 0-50) of the vapors 

from the crystals prepared by concentrating 300 cc of the K ? C0, 
electrolyte from the BLP Electrolytic Celt using a rotary evaporator ai 50 °C 
until a precipitate just formed (XPS sample «7; TOFSIMS sample H8) with a 
sample heater temperature of 100 U C\ As the ionization energy was 
10 increased from 30 eV to 70 eV, a (m/<r^22) penk was observed that was 
the same intensity as an observed (m/ c- - -14) peak. Carbon dioxide gives 
rise ton (mJe = 44) peak and a (ml c -72) peak corresponding to doubly 
ionized CO, (m / e ~ 44). However, die (m/r- 22) peak of carbon dioxide is 
about 0.52% of the (m/e»44) peak (Data (aken on UTM00CO2 qnadrapote 

1 5 residual gas analyzer with V ft » 70 V, V, c - 15 V, V /C) - -20 V, / t -2.5 and 

resolution potentiometer = 5.00 by Uthe Technology Inc., 325 N. Mathida 
Ave.. Sunnyvale, CA 94086 ). Thus, the (iji/r»22) peak is not carbon 
dioxide. The (m/r = 44) peak was assigned to KII S . The (ml c = 27) peak was 
assigned to doubly ionized KH S produced by the following fragmentation 

2 0 reaction of at the higher ionization energy 



/ K \ 

H (Up) H (1/p) 

\ / 



. 2* 



H(t/p) 11(1 /p) 

\ / 



2e" 



(79) 



In the case that the hydrino hydride compound comprises two or more 
hydrino hydride ions //"(1/p) whh low quantum number />, an exceptional 
branching ratio is possible whereby the doubly ionized ion peak is of 
2 5 similar magnitude as the sinely ionized ion peak. This is due to the 

relatively low binding energy of the second electron that is ionized. The 
data indicates that in the case that the hydrino hydride compound Kll^ 
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fragment to Kli, as given by Eq. (78). KH, comprises I wo hydrino hydride 
ions ir{\f p) with high quanliiin number p. The ionization energies are 
high as given in TABLE I; thus, fragmentation is favored over double 
ionization. The m / e = 42 peak which is not present at IP=70 eV but is 
5 presenl at IP=150 eV and the = 44) peak which is present at IP=70 eV 

and 1P=150 eV as well as the exceptional intensity of the doubly ionized 
(mfe-4a) peak is a signature and identifies hydrino hydride compound 
KH % of the present invention. 

As the ionization energy was increased from 30 eV to 70 eV a 
10 /7i/<: = 4 peak was observed. The reaction follows from Eq. (32). 

^^-^j+^j^-^j -»//;(!/,,) (80) 

lili)lp) serves as a signature for the presence of dihydrino molecules and 
molecular ions including ihose formed by fragmentation of increased 
binding energy hydrogen compounds in a mass spectrometer. As 
J 5 demonstrated by the correlation of peaks and signatures, TOFSIMS and MS 
taken together provide redoubtable support of the assignments given 
herein. 

TOFSIMS has the ability to further confirm the structure by 
providing a unique signature for metastable ions. In the case or the each 
2 0 positive spectra and each reference spectra, broad features are observed 
in the mass region mle^n~74 and in the mass region m/«r = 39-4!. These 
features are indicative of the formation of metastable ions from neutrals 
which contain and fragment to No and K\ respectively The intensities of 
the metastable ion peaks vary significantly between the hydrino hydride 

2 5 ion containing samples and the reference samples. The results indicate 

that hydrino hydride compounds form different neutrals than the neutrals 
formed during TOFSIMS in the reference case. 

in addition to showing ihe hydrino hydride ion peaks. XPS also 
confirms the TOFSIMS data. For example, the TOFSIMS sample #1 also 

3 0 corresponds to the XPS sample 86. The hydrino hydride ion peaks 

H'{n-iip) for p~2 to p=l6 are identified in FIGURE 21. The survey 
spectrum shown in FIGURE 20 shows that two fotms of carbon arc present 
due to ihe presence of two C h peaks. The peaks are assigned to ordinary 
potassium carbonate and polymeric hydrino-hydride-bridged potassium 
3 5 carbonate. 
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TOFSIMS sample #3 is similar to XPS sample U5. The survey 
spectrum shown in FIGURE IB shows that two forms of nitrogen are 
present doc to the presence of two N U peaks as well as the presence of 
two forms of carbon due to the presence of two C\s peaks. The nitrogen 
5 peaks are assigned to ordinary potassium nitrate and polymeric hydnno- 
hydride- bridged potassium nitrate. The carbon peaks arc assigned to 
ordinary potassium carbonate and polymeric hydrino hydride-bridged 
potassium carbonate. 

XPS was performed to confirm the TOFS1MS data. The splitting of 
1 0 the principle or Auger peaks of the survey spectrum of XPS samples #4 - 
f/7; fflO - #13 indicative of two forms of bonding involving the atom of 
each split peak are shown in TABLE 17. The selected survey spectra with 
the corresponding FIGURES of the 0 70 eV region high resolution spectra 
(H/tf) arc given. The 0-70 eV region high resolution spectra contain 

1 5 hydrino hydride ion peaks. And. several of the shifts of the peaks of 

elements which comprise hydrino hydride compounds given in TABLE 17 
and shown in the survey spectra arc greater than those of known 
compounds. For example, the XPS spectrum of XPS sample 07 which 
appears in FIGURE 64 shows extraordinary potassium, sodium, and oxygen 

2 0 peak shifts. The results shown in FIGURE 64 are not due to uniform or 

differential charging. The oxygen KLL Auger peaks superimpose those of 
the XPS survey spectrum of XPS sample #6, and the number of lines, their 
relative intensities and the peak shifts varies. The spectrum is not a 
superposition of repeated survey spectra thai arc identical except that 

2 5 they are shifted and scaled by a constant factor; thus, uniform charging is 

ruled out. Differential charging is eliminated because the carbon and 
oxygen peaks have a normal peak shape. The range of binding energies 
from the literature (C. D. Wagner, W. M Riggs, L. F- Davis. J. F. Moulder, G. E. 
Muhlenberg (Editor). Handbook of X-ra y P ho toeleciron S pectrosc opy . 

3 0 Perkin-EImer Corp., Eden Prairie, Minnesota. (1997).} (minimum to 

maximum, min-max) for the peaks of interest arc given in the final row of 
TABLE 17. The peaks shifted to an extent that they are without 
identifying assignment correspond to and identify compounds containing 
hydrino hydride ion, according to the present invention. For example > the 
3 5 positive and negative TOFSIMS spectra (TOFSIMS sample #8) given in 
TABLES 22 and 23 showed large peaks which were identified as KHKOIl 
and KHKOUj. The extraordinary shifts of the X 3p, K3s. K 2p y> K2p^ and 
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K7s XPS peaks and the O \s XPS peak shown in FIGURE 64 ore assigned lo 
these compounds. The TOPSIMS and XPS results supporl (he assignment of 
bridged or linear potassium hydrino hydride and potassium hydrino 
hydroxide compounds. As a further example, the Na /HL^Lj, peak was 

significantly shifted lo both higher and lower binding energies consistent 
with bonding involving election donating and electron withdrawing groups 
such as NaSiH^ and Ato,//,, respectively. These compounds arc given herein 
by TOPSIMS. TOPSIMS and XPS taken together provide redoubtable 
support of hydrino hydride compounds as assigned herein. 
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TABLH 17. The binding energies of XPS peaks of hydrino hydride 
compoun ds. 



XPS 
ft 


FIG 
H 


C b 
(eV) 


AT lj 
(OV) 


O \S 
(eV) 


Na 
(eV) 


{eV) 


K 3p 
(eV) 


K 3j 

(OV) 


K 2p, 
(eV) 


X 2/7, 
(eV) 


K2s 
(eV) 


4 


16 
1 7 


204 2 
285.7 
207 4 
208.7 


403.2 
407.0 


532. 1 
535.7 
5G3.8 


496.2 
501.4 
523.1 


1070 9 
1077 5 






.... 






5 


1 8 

19 


264 2 


402 5 

40Q.6 


532. 2 
540.6 


196.2 


1070.4 


16.6 


32 5 


292 1 


295.0 


37S.9 


G 


20 

?. f 


284. 2 
200.6 


-390 
vciy 
broad 


530.7 


496 5 
S03 8 


1070.0 
107G.5 


16 0 


32 0 


291 .8 
300.5 


294.6 
.303.2 


376.6 


7 


r>6 

22 


?B4 4 
288 5 


393 1 


530.4 
537.5 
517 H 


495 9 
503 2 
512.2 


1O70 4 
107 6 3 


16 2 
71.7 


32.1 
37 9 


291.0 
299.5 


294 7 
309.4 


376.6 
383 6 


8 




204 2 
208. 1 


398.9 
402.8 
406.7 


531 8 


496 9 
50 1 . 7 


1070.9 


16 7 


32 5 


292.3 


295.1 


376.9 
305.4 
bioc»d 


9 




284 3 




530.3 


485.0 
493.5 


1072 9 
b;oad 


16 9 


32 0 


292.5 


295.3 


377.2 


10 




28<i 3 

207 9 


397.2 
399.3 
402.8 
4 07.1 
413.5 
4 16.8 


$32.3 
54 I . l 
545. 1 
547 .8 


485.4 
495.9 


1 0/0.1 
1077 8 


16 6 


32.7 


292.5 
290.9 


295.3 
302.2 


377.2 


1 \ 




284 2 
285.9 


399.5 
406.5 


530.7 


474.8 
498.0 


1072.5 
brood 


16 6 


32.5 


292.3 


295.2 


377.1 


Mm 

Ma) 




200.5 
293 


398 
407.5 


529 
535 




10/0.4 
1072.8 






292 
293.2 







The 675 eV lo 765 eV binding energy region of an X-ray 
Phoioelcciron Spectrum (XPS) of The cryopumped crystals isolated from 
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the 40 °C cap of a gas cell hydiino hydride reactor comprising ;i Ki 
catalyst, stainless steel filament leads, and a \V filament (XPS sample 
013) with Fc2p } and Fe7p t peaks identified are shown in FIGURE 65. The 
Fc2/>> and Fe2p, peaks of XPS sample »13 are shifted 20 eV; whereas, the 
maximum known is MrV. The presence of iron hydrino hydiidc was 
confirmed by Mossbauer spectroscopy run ;it Northeastern University at 
liquid nitrogen temperature. The major signals of the spectrum was 
consistent with the quadrapole doublet of high- spin- iron (111) assigned to 
fVjOj. In addition, a second compound was observed in the Mossbauer 
0 spectrum which produced hyper fine splitting at ^0.8 mm/ sec, 

+ 0.49 mm /sec, -0.35 mm /sec, and -0.78 mm /sec which was assigned to iron 
hydrino hydride. 

As a further example of extreme shifts of transition metal XPS 
peaks, the N\7p, and Ni2/>, peaks of XPS sample «5 comprised two sets of 
5 peaks. The binding energies of the first set was N\ 2p y = 855.8 rV and 

Ni 2p t = 862.3 eV corresponding to NiO and Ni[OH) y The binding energies 
of the second extraordinary set peaks of comparable intensity was 
rVi 2p x ~ 873.4 cV and N't 2/>, »• 880.8 eV . The maximum N\ 7p^ shih given is 
861 eV corresponding to K,Nib\. The corresponding mein! hydrino hydride 
0 peaks ( MfJ n where M is a meta! and H is nn increased binding energy 
hydrogen species) observed by TOFSIMS (TOFSIMS sample ttfi) are given 
in TAB LI: 20. 

As an example of extreme shifts of halidc XPS peaks, the / 3r/ > and 
fW, peaks of XPS sample <M 1 comprised two sets of peaks. The binding 
5 energies of the first set was / 3j/ 5 - 618.9 eV and / 3 V- 630.6 eV 

corresponding to A7. The binding energies of the second extraordinary 
set peaks was / 3r/> 644.8 eV and / 3W, ~ 655.4 eV. The maximum / 3</> shift 
given is 624.2 «-V corresponding to K/cV A general structure for an alkali 
mctal-halide hydrino hydride compound is 

r H(i/p> 

\ / 

0 

The novel shifted XPS peaks without identifying assignment correspond 
to and identify hydrino hydride ion-containing compounds according to 
the present invention. 

X-ray diffraction (XRD) was also performed on TOFSIMS sample #3. 
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The corresponding XRD sample was sample #3A. Peaks without 
identifying assignment were observed as given in TABLE 12. 

Fourier transform infrared spectroscopy (FTIR) was performed. 
TOPS J MS sample #1 corresponds to FTIR sample #|. Peaks assigned to 
5 hydrino hydride compounds were observed at 329-1, 3077, 2883, 2505, 2450, 
I660, 1 500. I456. J42.3, 1300. 1154. 1023.846, 761, and 669 em' 1 . TOFSIMS 
sample tf3 corresponds to ITIR sample M. Peaks assigned to hydrino 
hydride compounds were observed at 2362 cm' 1 and 2336cm" 1 . 

The hydrino hydride compounds {mU) assigned as parent peaks or 
10 the corresponding fragments r>/r) of the positive Time Of Flight 

Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #5 taken in the 
static mode appear in TABLE IK. 

TABLE 18. The hydrino hydride compounds (m/c) assigned as parent 
15 peaks or the corresponding foments (my,) of the positive Time Of 

Flight Secondary Jon Mass Spectroscopy (TOFSIMS) of sample If 5 taken in 
the static mode. 



l-iydrmo HydfitJe 
Compound 
ot Fragment 


Nominal 
Mass 
m / e 


Observed 
m / c 


Calculated 
m It 


Diffetence 
Between 
Observed 
ami Calculated 
m / f 


Noll 


24 


23.99 


23.997625 


0.008 


NaH, 


25 


25.01 


25.00545 . 


0.004 


NaH y 


26 


26.015 


26.013275 


0.002 


Noli, 


2 7 


27.02 


27.021 1 


0.001 


Al 


27 


26.90 


26.98153 


0.001 


AM 


20 


27.90 


27.989355 


0.009 


AM* 


29 


29.00 


28.99718 


0.003 


NaH s 


28 


20.03 


28.028925 


0.001 


NO, 


4G 


45.99 


45.99209 


0.003 


NuNO 


5 3 


52.99 


52.98770 


0.002 


Fa 


5G 


55.93 


55.9349 


0.005 


Felf 


57 


S6.94 


56.942725 


0.003 


Veil, 


60 


59.97 


T>9.9662 


0.004 
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62 


61.97 


61.9M51 


0.004 


r*a y Uif 


63 


62.98 


62.982335 


0.002 


NaHNaOff 


64 


63.99 


63.99016 


0.0002 


NaH^NoOH 


65 


64.99 


64.99785 


0.008 




a 1 


80.95 


80.950895 


0.001 




95 


84.96 


84.9643! 


0.004 


No, on 


86 


85.97 


85.972135 


0.002 


Na y OH, 


07 


86.98 


86.97996 


o 


Na y OH } 


08 


87.98 


87.907785 


0 008 


Na y OH 4 


89 


89.00 


88. 99561 


ft CifiA 


KN y O y 


90 


89.97 


89.97 1 91 5 


V/. uu *J 

o nno 




9 1 


90.975 


90.9 7 97 4 


n nn a. 




102 


101.97 


101.967045 


0 fifn 




l 03 


102.97 


102.97407 


V . u uo 




1 18 


117. 96 


1 17.961955 


v , U U ^> 

0. 002 




125 


124.955 


124 956845 


0.002 




1 3 1 


130.95 


130.9572 


0.007 




I 3? 


131.96 


131.965025 


0.005 


KH t KHKOIL 


MO 


139.94 


1 39.940815 


0.001 


KH X KHKOHs 


t 4 1 


MO. 94 


1 40. 94864 


0.009 


No s OJI 


1 40 


147 95 


147.946645 


0.003 


Na^O x H 


164 


163.94 


163.941595 


0.002 




T65 


164.95 


164.94938 


0.001 




170 


169.94 


169. 93701 


0.003 




177 


1 76.955 


176.95552 


0.0005 


N« u OJ1 


t 87 


186.93 


186.93 1 355 


0.001 


Na s NX>Ji. 


193 


192 95 


192.95552 


0.006 







ind m8j0r PCakS in ,,,C ,>0S " ,VC i0n s P«"« m «*>«■> before 

™<J oHcr spuilennf were M..(^) ; . m..0.\ ond M. NO The 

TOFSIMS spee.m for ,v„ („„ r e 229893) a „ d K{mJe = nMyn) ^ ^ ^ 

ooserv^' T^'l" ■ r° Ca,b °° >le Pri " CiP ' e " were 

observed. The meals indicated were in .race amounts. 
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The hydrino hydride compounds <m/r) assigned as parent peaks or 
the corresponding fragments (m/c) of the negative Time Of Right 
Secondary Ion Mass Spectroscopy (TOFS1MS) of sample #5 taken in the 
static mode appear in TABLE 19. 

TABLE 19. The bydiino hydride compounds (m / e) assigned as parent 
peaks or the corresponding fragments (m/r) of the negative Time Of 
ITight Secondary Jon Mass Spectroscopy (TOFS1MS) of sample *5 taken in 
the static mode. 



Hydiino Hydride 

Compound 

ot fragment 


Nomina! 
Mass 
m f e 


Observed 
tn f e 


Calculated 

tn / t' 


Dif f £>[ r>nrp 

Between 
Observed 
and Calculated 
nt / c 


Mi//, 


26 


26.015 


2G 013275 


0.002 




42 


4 1.99 


4 1.907 IBS 


0.0020 


NaJ/ 7 


48 


40.00 


47.99525 


0.005 




4 9 


49.00 


49.003075 


0.003 




t 15 


114.91 


1 14.91192 


0.002 


Si lanes/ Siloxanes 










NaSi 


S I 


50.97 


60.96673 


0 003 


NoSill 


5? 


51.97 


51. 974555 


0.004 


NaSili, 


S3 


52.975 


52.98238 


0.007 


NaSiH y 


54 


53. 98 


53.990205 


0.010 


NaSiH 4 


55 


55.00 


54.99803 


0.002 


NaSiH t 


57 


57.02 


57.01360 


0.006 




5 8 


50.02 


58.021505 


0.002 




59 


59.02 


59.02933 


0.009 


KSiti, 


7 1 


70.97 


70 97194 


0.002 


KSiH K 


72 


71.975 


71.979765 


0.005 




73 


72.99 


72.90759 


0.002 




93 


93.00 


93.001215 


0.001 


Si } H„ 


101 


10106 


101.063815 


0.004 




102 


102.07 


102.07164 


0.001 
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Si } H n O 


1 1 7 


1 17.05 


1 17.050725 


0.007 


Si } H n 0 7 


133 


1 33.05 


133.053635 


0.004 


Si 4 U ls O 


1 43 


1 43.02 


143.020005 


0 


Si t H n O 


205 


205.03 


205.0208 


0.009 



) 0 



1 5 



20 



2 5 



The major peaks observed in the negative ion spectrum boih before 
and after sputtering weic a large niiriic peak, the nitrate peak the 
halogen peaks, AtoO/ , and Nn M N } 0; . No carbonate principle peaks or 
fragments were observed 

The positive and negative TOFS1MS is consistent with the majority 
compound and fragments comprising NaNO,> NaNO>. The compound was 
filtered from an initially 0.57 M KXO, electrolyte. The solubility of NaOH 
is 42°" r £/ 100 cc (10.5 M). The solubility of W, , s 81.5"*'$ / )00 cc (1 1.8 M). 
and the solubility of MO, is 92.l ?r( g 1 100 cc (10.8 M). Whereas, the 
solubility of K 2 CO, is 1 1 2 n ' c g 1 100 cc (8. 1 M). and the solubility of KHCO. is 
22.4 i'/100rr(2.2,W) [R. C. Weast. Editor. CRC Handbook of Chgm^ry 
anjL_l > J}ys.)C_s. 58th Hdhion, CRC Press, (1977), pp., B-M3 and B-I6I )™ 
Thus, NaNO, and NoNO, as the precipitate is unexpected. The solubility 
result supports the assignment of bridged hydrino hydride nitrite and 
nitrate compounds that ore less soluble than KHCO y 

The obsctvaiion by TOFSIMS that the majority compound and 
fragments contains NnNO,> NoNO, .s further confirmed by the presence of 
nitrite and nitrate nitrogen in the XPS (XPS sample «4 summarised in 
TABLE 17) The XPS Nn Is peak and the N Is peak as nitrite (403.2 eV) 
greater than nitrate (407.0 eV) confirm the majority species as NaNO, > 
NaNO,. The TOFSIMS and XPS results support the assignment of bridged 
or linear hydrino hydride nitrite and nitrate compounds and brideed or 
linear hydrino hydride hydroxide and oxide compounds. General 
structures tor the sodium nitrate hydrino hydride compounds arc given 
by substitution of sodium for potassium in the structures given for E«|. 
(76). General structures for the hydroxide hydrino hydride compounds 
arc 
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1 0 



Or 



N3* 



and 



Na* 

\ / 
H*(Wp) 



■ Na* — H-(1/p)- 



•Na* — OH- 



No nitrogen was observed in the XPS of crystals from an identical, cell 
operated at Idaho National Engineering Laboratory for 6 months wherein 
Na,CO y replaced K 2 C0 3 . The mass spectrum also showed no peaks other 
those of air contamination {electrolytic cell mass spectroscopy sample 
#1). The source of nitrate and nitrite is assigned to a reaction product of 
atmospheric nitrogen oxide with hydrino hydride compounds. Hydrino 
hydride compounds were ;dso observed to react wiih sulfur dioxide from 
the atmosphere. 

Sihnes weic also observed. The S/,// |7 {m U - I0J) peak given in 
TABLE 19 can be formed by the loss of a silicon atom from the peak M i- 1 
ol Siji^{mtt=m). These fragments and similar compounds are shown in 
\ 5 the Identification of Hydrino Hydride Compounds by Mass Spectroscopy 
Section. 

Si,H„imfe = l29)->5t(#n/r-28)+5i,W J , (»i/r = )0l) 

The hydrino hydride compounds („,/<-) assigned as parent peaks or 
the corresponding fragments (m/c) of the positive Time Of Flight 
2 0 Secondary Ion Mass Spectroscopy (TOFS1MS) of sample »6 taken in the 
static mode appear in TABLE 20. 
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TABLE 20. The hydrino hydride compounds (mle) assigned as parent 

peaks or the corresponding fragments (mlc) of the positive Time Of 

Flighi Secondary Ion Mass Spectroscopy (TOI'SIMS) of sample ff6 taken in 



the sialic mode. 



Hydfino Hydride 


» »v)# Mil 1(3 1 


Observed 


Calculated 


Difference 


Corn pound 


Mass 


ni / c 


tti / ( 


Between 


or Fragment 


tn J e 






Observed 
and Calculated 


NoH 


24 


23.99 




r» rs(\ ft 




4 t 


40 98 


40 


n nrs as 
v .ULrUb 


KOll, 


l> f 


56.97 


56.97427 


0.004 


tsii 

tvi 


5 0 


57.93 


57 .9353 


0.005 


Nili 


^ if 


50.94 


50.943 125 


0.003 


NiH, 


t> d 


6 1 . 96 


6 \ .9606 


0.007 


Cu 




o c . J J 


62.9293 


0.001 


CuH 


6 4 




b J .937 7 7 


0.002 


CuH y 


65 


63.945 


64.94545 


0.0005 


KCO 


0 7 


66.9615 


66.95862 


0.002 




94 


93.93 


93.92233 


0.000 


K 7 OH 


95 


94.93 


94.930155 


0.000 t 


KIJKOH 


96 


95.93 


95.93798 


0.008 


KUKOliy 


97 


96.945 


96.945005 


0.0008 


KAH, 


1 13 


1 12.935 


1 12.9407 15 


0.006 




1 37 


136.93 


136.91734 


0.013 




1 39 


138.92 


130 919975 


0 




1 40 


139.91 


139.91522 


0.005 




149 


148.905 


1 40.90476 


0.0002 


K y NOH> 


1 so 


1 49.91 


149.912585 


0.002 


K y CO? 


161 


160.8893 


160.081 


0.008 


KX ? O a 


1 66 


165.90 


165.90706 


0.007 


K 2 H 7 C 7 0* 


168 


167.92 


167.92271 


0.002 
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[/T138/t)' n^) 
K^CO,) 


177 


176.8792 


176.07586 


0.003 




187 


186.875 


186.08402 


0.005 


K } HC, NO, 


180 


1B7.88S 


187.091845 


0.007 




189 


188.07 


180.67586 


0.006 


K y NO< 


195 


1 94.80 


194.87384 


0.006 


KJiNO, 


196 


195.09 


195.881665 


0.008 


K y H 7 NO t 


197 


196.90 


196.88949 


0.010 


K K H y N0 4 


198 


197.90 


197.8973 


0.003 




204 


203 86 


203.86338 


0.003 




205 


204.07 


204 871205 


0.001 


W/, 


220 


219.855 


2 19.85829 


0.003 




227 


226 83 


226.03218 


0.002 


K,NOJi 


235 


234.04 


234.645375 


0.005 




241 


240 90 


240.89054 


0.0005 


K,NOJ1 7 


243 


242.026 


242.82709 


0.001 


K,NOJi 2 


259 


258.02 


258 822 


0.002 


K y N 2 OJL 


273 


272.825 


272.62507 


0 




281 


280.03 


280.830265 


O.OOO 



a Interference of i9 KHl from * } K was eliminated by comparing the "Kl V 'K 

4 2 X 10* 

ratio with the natural abundance ratio (obs. - = 49.4%> nat. ab. 



ratio = _=,7,4%). 
93.1 

5 The positive ion spectrum obtained prior to sputtering was 

dominated by K' . The peaks of KOH[. tf,0\ and K^N^O'. were observed. 

The /C./VO: > l40/7i/: corresponded to \K t O -f n- KNO x }\ \K : 0 : + »• KNO,\ . 
J/f + « -KNO^]\ and [ K N0 : + n - K NO- ]~ . The dominant peaks after sputtering 
were tf* and K t O* . The intensity of ihe nitrate peaks decreased after 
1 0 sputtering. Nickel 3nd nickel hydride peaks were substantial. Copper 
and copper hydrides indicated were in trace amounts. 
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The hydrino hydride compounds (,„/,) assigned as parent peaks o, 
the corresponding fragments (,„/<.) of lflc „ C gauv C Time Of Rich, 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample «6 taken in the 
static mode appear in TABLE 21. 



1ABLL 21. The hydrino hydride compounds <„,/,) assigned as parent 
peaks or (he corresponding fragments (,„/,) of the negative Tune Of 
Fhgh. Secondary Ion Mass Spectroscopy (TOFSIMS) or sample #6 taken 
ihe sialic mode. 



in 



Hydrino Hydride 

Compound 

Of Ffacjrnent 


Nominal 
Mass 
mt e 


Observed 
m / *- 


Calculated 
m / e 


Difference 
Between 
Observed 
and Cafe urn ted 
tn / r 




c. o 


26.0 1 5 


— 

26.013275 


0.002 


KH A 


43 


43.00 


42.99501 


0 005 


KC 


5 2 


50.96 


5096371 


0.004 


KO 


55 


54.96 


54.95862 


0.001 


KOil 


56 


55.97 


55.966445 


0.003 


NaHNnOH 


64 


63.99 


63.99016 


0 


AYA 


7 1 


70.95 


70.95353 


0.003 


KO,H 


72 


71.96 


71.961355 


0.001 


KM 


80 


79.942 


79.9430/ 


0.001 


KCO, 


83 


82.95 


02.95353 


.0.003 


K,C 


90 


89.93 


89.935245 


0.005 


K,Oi 


91 


90.94 


90.94307 


0.003 


K : OH 


95 


94.93 


94.930155 


0 


KHKOH 


96 


95.93 


95.93790 


0.008 


K 7 OH } 


97 


96 935 


96.945805 


0.010 


KMH t 


98 


97.95 


97 95363 


0.004 


K 7 0H x 


99 


98.96 


90.961455 


0.001 


KHNO ? 


102 


101.95 


101.959335 


0.009 


KH i NO y 


103 


102.96 


102.966716 


0.007 


K 7 0 ? H 


1 ? ! 


1 10.92 


1 10.925065 


0.005 
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K x OH % 


1 36 


135.91 


l35.909StS 


0.0005 


S il anes/Siloxanes 










NoSi y H t4 


12! 


121.03 


121.03014 


0.0001 



The negative ion spectrum prior to sputtering contained strong 
nitrate peaks {NO; and NO y ) and oxygen peaks (Q~ and Oir). Other 
elements included C,*; % F\ and C/\ KNO; and KNO; were also 
5 observed. Several series of peaks in the spectrum corresponded to 

[n KNO y +KNO>)\\ n KNO r t N0 7 )\ :md („ KNO, + NO } ]. The spectrum after 
sputtering was dominaicd by the oxygen peaks and the nitrate peaks. 
C x K' tt F\ and Cf were observed as well as KiVO t \ KNO>\ KN,O t \ and 
The intensity of the peaks of \n + NO>]~ decreased after 

1 0 sputtering. 

Hydrino hydride compounds were also observed by XPS and mass 
spectroscopy that confirmed the TOFSJMS results. The XPS spectra shown 
in FIGURE 16 and FIGURE 17 and the mass spectra shown m FIGURES 
25A-25D with the assignments given in TABLE 4 correspond to TOFSIMS 
15 sample A3. The XPS spectra shown in FIGURE 18 and FIGURE 19 and the 
mass spectra shown in FIGURE 24 with the assignments given in TABLE 4 
correspond to TOFSIMS sample r/6. 

The positive and negative TOFSIMS is consistent wiih the majority 
compound and fragments comprising KNO } > KNO,. The observation by 

2 0 TOFSIMS that the majority compound and fragments contains J<N0 3 > 

KN0 7 is further confirmed by the presence of nitrite and nitrate nitrogen 
in the XPS (XPS sample #5 summarized in TABLE 17). The A' 3p, #3j. 

K2p, y K2p tt and K 2s XPS peaks and the N It XPS peak as nitrate (406.5 
eV) greater than nitrite (402.5 eV) confirm the majority species as /CiV0,> 

2 5 KNO,. The TOFSIMS and XPS results support the assignment of bricked or 

linear hydrino hydride nitrite and nitrate compounds and bridged or 
linear hydrino hydride hydroxide and oxide compounds. 

During acidification of the K 2 CO, electrolyte to prepare sample 
the pH repetitively increased from 3 to 9 at which lime additional acid 

3 0 was added with carbon dioxide release. The increase in pH (release of 

base by the titration reactam) was dependent on the temperature and 
concentration of the solution. A reaction consistent with this observation 
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K\K CO\ rC:,C,Km ° f CQl " givC " b > < 76 > The 

*|*,C0j peak ,„d,c,,e S ,he stability of the bridged potassium caibonale 

hydrmo hydride compound which was also present in the case of 
iOI-SIMS sample S3 

The hyd,i„ 0 hydride compounds (*/,) assigned as parent peaks or 
.he corresponding f.agments <„,„) of ,he pos.t.vc Time Of VvJ 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample »g ..^ in lhe 
stntic mode appear in TABLE 22. 



TABLE 22 The hydrino hydride compounds <„„,) assigned as parent 
peaks or the corresponding fragments (,„„) of the posit.vc Time Of 

he' l^rr ^ MaSS SPCC,r0SC0Py (T ° FSIMS) ° f ^ *« '»"«» 



I fyttrtno Hydride 

Compound 

or fragment 



Nail, 



Nolly 



Al 
AUf 

AM, 



KN 



KOU, 



KOH x 



K0ll x 



KUKOli 



K1IKOH, 



Nominal 
Mass 
m le 



24 
25 



26 



27 



2a 



29 



40 



Observed 



23.99 



25.01 



26.015 



2 6.90 
27.98 



29.00 



39.97 



4 1 



57 



58 



59 



63 



64 



67 



96_ 
97 



40.98 



56.97 



57. 9B 



58.90 



62.93 



63.94 



n\ f e 



23.997625 



25.00545 



26 013275 



26.90153 



27.989355 



28.99718 



39.971535 



40.97936 



56.974 37 
57.98202 



56.9098992 



§ 3 937625 



66.96 



95.93 
96.94 



62,9293 



66.961 1 



95.93798 



96.945805 



Difference 
Between 
Observed 
and Calculated 
rn / e 



0.008 



0.004 



0 002 



0.001 



0.009 



0.003 



0.0015 



0.0006 



0 00 4 
0.002 



0.010 



0.001 



0.002 



0.001 



0.008 



.006 
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KHKNO, 


1 4 1 


140.92 


140.923045 


0.003 


*A H > 


145 


144.93 


144.930535 


0.0005 




150 


149.89 


149.8888 


0.001 




151 


150.8965 


150 8966 


0.0001 


K&H, 


15? 


151.90 


151.904425 


0.004 




153 


152.905 


1 52.91225 


0.007 


KXOJI 


155 


154.90 


15 4.91 4885 


0.010 




157 


156.88 


1 56.88604 


0.006 




1 59 


158.87 


158.8783 


0.008 ! 




163 


162.09 


162 8966 


0.007 




1 60 


168.86 


1 60 86266S 




KA<>> 


173 


172.88 


172 .88095 


fi f>n i 

v.UUl 


Silanes/Silox ancs 












2 0 1 


201.04 


20 t .04 151 


0 CiCt 1 




203 


203.06 


203 05716 


0.003 




205 


205.07 


205.07281 


0.003 




209 


209.06 


209.052 


0.008 




21 1 


21 1.07 


21 1.06776 


0.002 


Si b H n O 


2 12 


212.07 


212.07559 


0.006 




2 1 3 


213.08 


213 003465 


0.003 


2 15 


215.05 


21503918 


0.01 1 




217 


217.06 


217.05483 


0.005 




235 


235.07 


235.06539 


0.004 




237 


237.08 


237 08104 


0.001 




253 


253.08 


253.07595 


0.004 



a Interference o( ">kh; (torn "k was eliminated by comparing the "Kl r "A' 
ratio with the natural abundance »atio (obs. = ——^ = 55 m. rial, ab 
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ratio n 7.4%). 

93 I ' 



7.7 X i0° 



The posiiive ion specinnn was dominated hy K\ and Nu was also 
present. Oiher peaks coniainmg poiassium included KC\ K y O x " K OH' , 
KCO\ K 7 \ and a series of peaks wiih an inierval of 138 corresponding to 
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K[K,CO,l m/<r-(39 , 138/.). 

The hyclrino hydride con.po.mds («/,) ass ig„ c d as parcnI pcaks or 
the corresponding fragments (,„(<) of the negative Time Of High, 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample «8 taken in .he 
sialic mode appear in TABLE 23. 

TABLE 23 The hydrino hydride compounds (ml,) assigned as parent 
peaks or the corresponding fragments <„/,) 0 f the negative Time Of 
Might Secondary Jon Mass Spectroscopy (TOFSIMS) of sample #8 taken in 







Hydiino Hycliido 
Compounct 
ot Fragment 


Nominal 
Mass 
)n t c 


Observed 
m / e 


Calculated 
m / c 


Diffeience 
Between 
Observed 
an<j Calculated 
m t c 


Noil 


2 4 


23.99 


23.997625 


0.008 




2 5 


25.01 


25.00545 


0.004 




26 


26.015 


26.013275 


0.002 


KIU 


4 1 


40.90 


40.97936 


0.0006 


KH X 


4 2 


4 1.99 


4 1.987185 






BO 


79.942 


79.94307 


0.0020 j 
0.001 


KHKOH 


96 


95.94 


95.93790 


0.002 


KHKOH, 


9? 


96.94 


96.945605 


0 006 




1 16 


1 15.96 


1 15.962405 


0.002 




1 17 


1 16.97 


1 16.97023 


0.0002 


K 7 CIH, 


1 15 


1 14.91 


1 14.91 192 


0.002 




1 16 


1 15.92 


1 15.919745 


0.000 


K,OH 


1 34 


133. 09 


133.093665 


0.004 




1 35 


134.90 


134.90169 


0.002 


K x OH % 


1 3 6 


135.91 


135.9095t5 


0.0005 


A\C> ? // ? 


1 5 1 


150.89 


150.8966 


0.007 


K : N 2 O y H 


1 55 


154.92 


154.926115 


0.006 


K 7 V,H 


1 59 


150.91 


158.909795 


0.0002 


K 7 O s H y 


161 


160.93 


_» 60.925445 


0.005 
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I 93 



10 



K x 0 4 H 3 


i 83 


)82.88 


1 82.B0942 


0.009 


K.NOH 


< 87 


186.855 


186.060645 


0.006 


K,NO)l } 


1 89 


18807 


183.876295 


0.006 




197 


196.91 


196.9133 


0.003 


K>CO s N 7 


2 11' 


210.88 


210.88133 


0.001 


K y CO s H A 


213 


212. 90 


212.89698 


0.003 


SHanes/Silox a nes 










NaSi s H 27 0 


201 


201.04 


201 04 15 1 


0.001 


Si t H„0 


203 


203.005 


203.005165 


0.0002 




205 


205.03 


205.0200 


0.009 


Si t H It O 


2 12 


212.07 


212.07559 


0.006 




213 


213.08 


2l3.00346f> 


0.003 




223 


223.04 


223.031375 


0.009 


NnSi,IJ„0, 


223 


222.96 


222.95300 


0.007 




224 


223.96 


223.96095 


0.001 




250 


250.08 


250.070805 


0.009 



The negative ion spectrum was dominated by the oxy°cn peak 
Other significant peaks were OH', HCO;, and CO,". The chloride peaks 
were also present wit), very small peaks of the other halogens. 

The peak NnSi^.O (.., / r = 201) given in TABL.I* 23 can give rise to 
the fragments NaSiH. (m / ,> = 57) and („, I* 128). These "fragments and 

similar compounds are shown in the Identification of Hydrino Hydride 
Compounds hy Mass Spectroscopy Section. 

NaSi^O (,»/, = 20l)-> NaSiU, 57)+ Siji n (« fe = J28) + O (m I e ~ 16) {82) 

The hydrino hydride compounds <™/ e ) assigned as parent peaks or 
the corresponding fragments (mle) of the positive Time Of Fli°ht 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample 119 taken in the 
sialic mode appear in TABLE 21. 
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TABLE 24. The hydiino hydride compounds ( „, / * -.««• , 
peaks or lhe co,r M po.din. f».«eni, f V , ' M P 8 ™' 

Fl,., Secondly J M^pZ ^ ^ ^^c W Of 
Ibc sta.ic mode. ™ UO,S,MS > of «mplc «9 laken in 
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NaSi y H u Q 3 
NaSiJi^O 



22 \ 
224_ 
225 
236 



23tt 



221.02 
223.96 
224.97 
235.06 



237.98 



221.015725 
223.9609 5_ 
224.96373 
2 3S. 06539 
237.976983 



O.004 
0 001 
O.001 
0.005 



0.003 



Interference ol from "K was eliminated by comparing the "A7 



ratio with the natural abundance ratio (obs * IlAi 0 ! = 66 19t na| ab 

6.88 "* 10 * 

ratio = 7.-1%). 
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JO 



The positive ion spectra of TOFSIMS sample « 9 were neatly 
identical io those of TOFSIMS sample ft 10 described below except that 
the spectra of TOFSIMS sample 9 had essentially no /V peaks. 

The hydrino hydride compounds (mfe) assigned as parent peaks or 
the corresponding fragments (,„/,) of the negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample 09 taken in the 
static mode appear in TABLE 25. 



I ABU: 25. The hydrino hydride compounds {mi<<) assigned as parent 
peaks or the corresponding fragments (m/,) of the nc-aiive Time Of 
15 Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample «9 taken in 
the static mode. 



Hydrino Hydride 

Compound 

or Fragment 


Nominal 
Mass 
ml c 


Observed 
m I c 


Calculated 
m I c 


Difference 
Between 
Observed 
and Calculated 
m ft 


KH, 


4 3 


43.00 


42.99501 


O.OOS 


NaJL 


48 


47.99 


17.99525 


0.005 




49 


49.00 


49.003070 


0.003 


Cu 


63 


62.93 


62.9293 


0.001 


NaHKH 


64 


63.96 


63.96916 


0.009 




80 


79 92 


79.92401 


0 004 


K,CIH 7 


1 15 


1 1 4 .9 1 


114.91192 


0.002 
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HI 


120 


127.91 


127.908225 


0.002 


NalH 


151 


150.90 


150.890025 


0.002 


Kill 


167 


166.88 


166.871935 


0.008 


**PbH 


209 


208.90 


200.984425 


0.004 



The negative ion spectra of TOFSIMS sample # 9 were nearly 
identical to those of TOFSIMS sample // 10 summarized below. 

The hydrino hydride compounds (mlt) assigned as parent peaks oi 
the couesponding fragments (mle) of the positive Time Of Flight 
Secondary Ion Mass Spcctioscopy (TOFSIMS) of sample #10 taken in the 
static mode appear in TABLE 26. 

TABLE 26. The hydrino hydride compounds (m U) assigned as parent 
peaks or the corresponding fragments (m/e.) of the positive Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample H10 taken 
in the static mode. 



Hydrino Hydride 

Compound 

oi Fragment 


Nominal 
Mass 
ml e 


Observed 

Jtl I c 


Calculated 


Difference 
Between 
Observed 
and Catenated 
ml e 




4 1 


40.90 


40.97936 


0.0006 


N< h H 


47 


46.99 


46.987425 


0.002 


Fe 


56 


55.93 


55.9349 


0.005 


Fell 


57 


56.94 


56.942725 


0.003 


Ni 


58 


57.93 


57.9353 


0.005 


NiH, 


62 


61.96 


61.9666 


0.007 


Cu 


63 


62.93 


62.9293 


0.001 


Zn 


64 


62.93 


62.9291 


0.001 


K 7 H 


79 


78.940 


78.935245 


0.004 




80 


79.942 


79.94307 


0.001 




8 1 


80.95 


80.950895 


0.001 


KH KOH 


96 


95.93 


95.93798 


0.008 


KN KOH, 


97 


96.935 


96.945805 


0.010 




107 


106.90 


106.90509 


0.005 
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K 7 cm 7 


1 1 f> 


114.91 


1 14.91 192 


0.002 




120 


1 19.91 


119. 914605 


0.005 




121 


120.92 


120.92243 


0.002 


KiU 


107 


1G6.87 


t6G. 871935 


0.002 


™PbH 


209 


200.98 


208.904425 


0.004 


S i la ncs/Siloxan es 










NaSi 4 H„ 


149 


149.01 


149.00707 


0.003 i 




151 


ISO. 97 


150.970725 


0.001 




199 


)98.97 


195.973865 


0.004 


SiJf 7t O, 


221 


221.02 


221.015725 


0.004 




224 


223.06 


223.96095 


0.001 




225 


224.97 


224.96073 


0.001 




235 


235. OS 


235 06539 


0.005 




238 


237. 9B 


237.976985 


0 003 



a Interference ol from 41 X was eliminated by comparing the 4i Kf )9 /sT 

ratio wilh the natural abundance ratio (obs. = ™ — — = /(> na t ab 
ratio - !^5$ = 7.4%). 
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5 The positive ion motte spectrum acquired prior to spinier cleaning 

showed ihc following relatively intense inorganic ions: Mi\ A", /■>*, Cu\ 
Zn\ *:> Ag\ K 7 Cl\ Kl\ KNal\ i>b\ and K\Kl\ n . Other inorganic elements 
included /), and Si. After sputter cleaning Ag and Pb* were sharply 
reduced which indicated that silver and lead compounds were present 
1 0 only on the surface. In addition to the result lhac sample was 

cryopumped in the cell, ibis result indicates lha! the compounds are 
volatile. 

The hydrino hydride compounds (m/e) assigned as parent peaks or 
the corresponding fragments {m/e) of the negative Time Of Might 
15 Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #10 taken in the 
static mode appear in TABLE 27. 
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TABU; 27. The hydrino hydride compounds (,„/,) assigned as parent 
peaks or the corresponding fragments (m/e) of the negative Time Of 
Plight Secondary Ion Mass Spectroscopy (TOFSTMS) of sample #,0 taken 
in the static mode. 



Hydrino Hydride 

Compound 

or Fragment 


Nominal 
Mass 
ml c 


Observed 
m / e 


Calculated 
m / c 


Difference 
Between 
Observed 
and Calculated 
ml c 


KU A 


43 


43.00 


42.99501 


0.005 


Mi,//, 


40 


47.99 


47.99525 


0.005 


Na 1 H x 


49 


4900 


49.0030/5 


O.003 


Cu 


63 


62.93 


62.9293 


O.001 


NaHKH 


G4 


63.96 


63.96916 


0.009 


ZnO 


0 0 


79.92 


79.92401 


0.004 




1 1 5 


114.91 


1 14.91 192 


0.002 


/// 


1 20 


127. 9T 


127.908225 


0 002 


NalH 


1 5 1 


150.90 


1 50.098025 


0.002 


Km 


167 


166.88 


166.871935 


0.000 


CulU 


1 0 1 


190.01 


190.830025 


0.002 


**PbH 


209 


208.98 


200.984425 


0.004 


Sila nes/Siloxa ncs 












239 


2.39.05 


239.044695 


0.005 



The negative mode ion spectrum acquired prior lo spuuer cleaning 
showed the rollow,n« relatively intense morgnnic ions: r?\ OH" , F" CP 
' ". w. Pb\ /;. Nat;. c„ii. Phi;. Agi;. ki;, cki:, Agfa,, (ww, + (*/)/. and 

(/+(*■/).)". Bromide was also observed at relatively low intensity. AHer 
spotter cleaning, the spectrum was quite simitar except that the silver 
containing ions were absent. 

The hydrino hydride compounds (,„/,) assigned as parent peaks or 
the coirespond.ng fragments ( m / e ) of the positive Time Of Flight 
15 Secondary lot. Mass Spectroscopy (TOFS1MS) of sample #11 taken in the 
static mode appear in TABLE 28. 
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TABLE 28. The hyclrino hydride compounds (m/e) assigned as parent 
peaks or ihe corresponding fragments {mU) of die positive Time Of 
Flight Secondary ton Mass Spectroscopy (TOFS1MS) of sample tt 1 1 taken 
5 in the static mode. 



irydrino Hydride 


Nominal 


Observed 


Calculated 


Deference 


Compound 


Mass 


m / e 


m f e 


Between 


or Fragment 


mf e 






Observed 
and Calculated 
m f e 




25 


25.00 


25.00545 


0.005 


KH* 


4 1 


40.98 


40.97936 


0.0006 


Na } H 


4 7 


46.99 


46.987425 


0.003 




87 


86.94 


8G. 93526 


0.004 




1 1 1 


t 10.925 


1 10.925065 


0.000 


K 7 Q 2 H ? 


1 1 2 


l 1 1 .93 


1 1 1 .93289 


0.003 


Gn.,NaU, 


163 


162 85 


162.85685 


0.007 


Ga t KH 3 


1 19 


178.83 


178.83076 


0.000 


K(KH) 7 K r SO } 


277 


276.79 


276.791 


0.001 




260 


267.78 


267.707/3 


O 008 


K(KH) } K y () 7 


269 


268.79 


268.795555 


0.006 


Sila nes/Silox anes 












249 


246.93 


|248 93277 


0.003 



Interference of from 4i K was eliminated by comparing the "AT/ 39 K 

ratio with the natural abundance ralio (obs. = — -?J5! - 32 5% nat ab 

4 y m & *- 



ratto = -7.4%). 

93.1 

The hydrino hydride compounds (/»/<•) assigned as parent peaks or 
the corresponding fragments (m/c) of the negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOPS IMS) of sample «)) taken in the 
static mode appear in TABLE 29. 



I 5 
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TABLE 29. The hydrino hydride compounds (m/c) assigned as parent 
peaks or ihc coiresponding fragments (mic) of ihe negative Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample tt\ I taken 



in the static mode. 



Mvdrirtft MvHndA 

11 11 IvJ 1 J y v J 1 1 \J \J 


Nominal 


unserved 


Calculated 


OiHerenco 


Compound 


Mass 


fit / c 


m f e 


Between 


at P/nfimpnt 








Observed 
and Calculated 
m 1 e 


Kli, 


4 ^ 


A *\ A A 


4 2.9950 1 


0.005 




4 4 


*l *f . l/vJ 


4 4 .002835 


0.0028 


KOH 7 


^ 7 


3D. 


56.97427 


0.006 


KIl,NO, 


1 A *\ 


102.97 


1 02.9667 16 


0.003 








1 05.9490/5 


0.001 


KH t SO, 


1 07 


i Afx or* 


I Ob .9569 


0.003 




1 1 8 


117 90 




0.00 1 




1 1 9 


110.91 




0 . 003 




151 


150.89 


t so ft q r* k, 

i «. J v/ . t> ;j v> L> 






1 52 


151.905 


151.904425 


0.001 


KH.KSO, 


1 77 


176.91 


176.902605 


0.007 


Silanes/Siloxanes 












137 


137.00 


137.00405 


0.004 


Si,H„0 


1 39 


T38.99 


138.988705 


0 001 


Si t H n O 


141 


14 1 .00 


14 1 .004355 


0.004 


s/,// 9 o, 


t53 


152.98 


152.967965 


0.012 


Si t H„0, 


1 55 


154.99 


154.983615 


0.006 


Si s li„0 


169 


168.99 


168.981285 


0.009 


Si s ll, s O 


171 


171.00 


170.996935 


0.003 




273 


272.94 


272.938285 


0.002 




275 


274.95 


274.953935 


0.004 




289 


288.93 


288.933195 


0.003 


Si,H„O f | 


291 


290.95 


290 948845 


0.001 



The positive and negative spectra were dominated by ions 
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characteristic of potassium sulfate. This was most evident in the high 
mass ran^c where several ions increase by 174 iu/z do to K 7 SO t . Other 
species observed were Li\ B\ Na\ Si\ Cr . PO; , and PO]. The hydrino 
hydride siloxanc scries SiJ1 u ^ tt O m ~ was observed in the negative spectra. 

XRl>(Cti A' a, (A ~ 1.54059) was also performed on TOFSIMS sample 
ftll. The XRD pattern corresponded to identifiable peaks of K,SO^ In 
addition, the spectrum contained unidentified intense peaks at a 2-theta 
values of 17.71, 18.49, 32.39, 39.18. 42.18, and 44.29. The novel peaks 
without identifying assignment correspond to and identify hydrino 
hydride compounds, according to the present invention. 

The hydrino hydride compounds (m/e) assigned as parent peaks or 
the corresponding fragments (mfe) of the positive Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #12 taken in the 
static mode appear in TABLE 30. 

TABLE 30. The hydrino hydride compounds (m / e) assigned as parent 
peaks or the corresponding fragments {m/e} of the positive Time Of 
Flight Secondary Ion Moss Spectroscopy (TOFSIMS) of sample il\ 2 taken 



in l he sialic mode. 



Hydrino Hydride 


Nominal 


Observed 


Calculated 


DiHerence 


ComrxHuxJ 


Mass 


mfe 


m 1 e 


Between 


Of Fragment 


;;i / e 






Observed 
and Calculated 
ml c 


Nail 


24 


23.99 


23.997625 


0.008 - 


Nail, 


25 


25.00 


2S. 00545 


0.005 


Kfi 


40 


39.97 


39.97 1535 


0.0015 


KH* 


4 1 


40.98 


4097936 


0.0006 


Najf 


47 


46.98 


46.987425 


0.007 




48 


47.99 


47.99525 


0.005 


Ni 


50 


57.93 


57.9353 


o.oos 


NiH 


59 


58.94 


58.943125 


0.0O3 




62 


61.96 


61.9666 


0.007 


KyH 


79 


78.94 


78.935245 


0.004 




81 


80.94 


80.950895 


0.01 1 
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KH 7 N0 7 


07 


86.97 


8697225 


0.002 


KOJl 


1 OA 


103.9479 


103.951 175 


0.003 


KOJly 


t05 


104.95 


104.959 


0.009 


K 7 O y H 


1 t t 


1 10.925 


1 10.925065 


0.000 


K>H 4 


121 


120.93 


120.92243 


0.008 


(KH^XNO, 


18 ! 


180.89 


180.89458 


0.005 


{KH) y KNO, 


197 


196.89 


196.68949 


0.001 


Silanes/Siloxa ncs 










Si b H„0 


207 


207.04 


207.036465 


0.0035 




265 


264.94 


264.94609 


0.006 




271 


270.99 


270.99304 


0.003 




281 


280.94 


280.94 1 


0.001 




281 


281.07 


281.07129 


0.001 



a Interference of Uom was eliminated by comparing the 4I A7 *K 

ratio with the natural abundance ratio (obs. = ~ 2 * .19.* -71.3% nat a b 



6.88 

ratio = = 7.4%). 

93.1 ' 



USX 10* 



\ 0 



I 5 



The positive ion spectrum was dominated by K\ and Na w was also 
present. Other peaks containing potassium included KJi t O[ % K^Np: y and 
KJI.Pp*- Sputter cleaning caused a decrease in the intensity of 
phosphate peaks while it significantly increased the intensity of KJI^O? 
ions and had resulted in a moderate increase in K t N t O! ions. Other 
inorganic elements observed included Li, B t and Si. 

The hydrino hydride compounds (m/r) assigned as parent peaks or 
the corresponding fragments {mJe) of ihe negative Time Of Right 
Secondary ion Mass Spectroscopy (TOPS IMS) of sample #12 taken in the 
static mode appear in TABLE 31. 
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TABLE 31. The hydrino hydride compounds (m/e) assigned as parent 
peaks or the corresponding fragments (m/e) of the negative Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #12 taken 
in the static mode. 



HycJiino Hydride 
Componnd 
or Fragment 


Nominal 

Mass 

m/e 


Observed 
m/e 


Calculated 
m/e 


Difference 
Between 
Observed 
and Calculated 
mi e 




43 


43.00 


42.99501 


0.005 


SHants/Siloxanes 










SiJi tt O^ 


155 


154.09 


154.983615 


0.006 


si b n»o 


203 


203.00 


203.005165 


0.005 



The negative ion spectra showed similar trends as the positive ion 
spectra with phosphates observed to be more intense before sputter 
cleaning. Other ions detected in the negative spectra were CX, and V . 

The hydrino hydride compounds (m/e) assigned as parent peaks or 
the corresponding fragments (m/e) of the positive Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample ffJ3 taken in the 
static mode appear in TABLE 32, 
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TABLE 32. The hydrino hydride compounds (m/e) assigned as parent 
peaks or the corresponding fragments {mfc) of Ihe positive lime Of 
Flight Secondary Ion Mass Spectroscopy (TOFS1MS) of sample JU3 taken 
in the static mode. 



Hydrino Hydride 


Nominal 


Observed 


Calculated 


Oitterence 


Compound 


Mass 


ml e 


ml c 


Between 


or Fragment 


ml e 






Observed 
and Calculated 
ml e 




4 1 


40.98 


40.97936 


0.0006 


Al 


27 


26.98 


26.98 153 


0.002 


AUt 


20 


27.99 


27.989355 


0.001 


AU1 7 


29 


29.00 


28.997 1 8 


0.003 


AIH> 


30 


30.01 


30.005005 


0.005 


Fe 


56 


55.93 


55.9349 


0.005 


Fell 


5 7 


56.94 


56.942725 


0.003 


Ni 


58 


57.93 


57.9363 


0.005 


Fell, 


S3 


57.95 


57.95055 


0.000 


mn 


59 


58.94 


50.943125 


0.003 


Cu 


63 


62.93 


62.9293 


0.001 


CuH 


64 


63.94 


63.93777 


0.002 ! 


Cull, 


65 


64.945 


64.94545 


0.0005 


Cm//, 


66 


65.95 


65.953275 


0.003 


Cult, 


6 7 


66.96 


66.961 1 


0.001 


CrO 


68 


67.93 


67 93541 


0.005 


CrOH ? 


70 


69.95 


69.95106 


0.001 


CrOH, 


7 t 


70.96 


70.958885 


0.001 


NiO 


7 4 


73.93 


73.93021 


0.000 


won 


75 


74.94 


74.038035 


0.002 


NiOli-i 


7G 


75.95 


75.94S86 


0.004 


NiOH, 


7 7 


76.95 


76.953685 


0.004 


NiOH, 


7 0 


77.96 


77.90151 


0.002 


NiOH) 


79 


78.97 


78.969335 


0.001 


CuOli y 


82 


81.945 


81.940185 


0.003 
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0 3 


02. 955 


82.9S601 


0.001 


CrO y H 7 


8 6 


85.945 


85.94597 


0.001 




8 7 


86.94 


86.93626 


0.004 


Mo 


9 2 


91.90 


9 1 .9063 


0.006 


Moll 


93 


92.91 


92.914125 


0.004 


MoO 


100 


107.90 


107.90121 


0.001 


MoOH 


109 


108.91 


108 909035 


0.001 


Cr 7 0 


120 


1 19.87 


1 19.87691 


0.006 


Cr,OH 


1 21 


120.88 


1 20.883735 


0.004 




137 


130 00 


136.878645 


0.00J 




130 


137 88 


137.60647 


0.006 


Silmves/Siioxanes 










Si 


28 


27.97 


27.97693 


0.007 


SiH 


29 


20.98 


28.981755 


0.005 


SiOH 


4S 


44.98 


44 979665 


0.000 


SiOH, 


46 


45.99 


45.90749 


0.003 




1 28 


128.03 


120.03292 


0.003 




129 


129.01 


129.010745 


0.001 




1 49 


149.01 


1 19.00707 


0.003 




1 99 


198.97 


198.973865 


0.004 



Interference of "kh; horn "K was eliminated by comparing the ll Kf i9 K 
ratio with the natural abundance ratio (obs. = —— = 26.5%, nat. ab. ratio 



93.1 1 

The positive ion spectrum was dominated by CV then Na . AW Fc\ 
Ni\ Cu\ M©\ Si". U\ K\ And NO; was also present. Weaker observed 
ions that are not shown in TABLI2 32 arc MofiJI. and O\0 K H,. Siiane and 
siloxane (rngmcnis were observed which wore present at essentially each 
m/t>IS0. Some representative silancs and siloxanes are siven. Also 
obseived were polycitmcthyisiloxane ions at m/c = 73, 117, 207. 221, and 
281. The compounds giving rise to these ions must have been produced 
in the hydrino hydride reactor or in subsequent reactions between 
reaction products since the sample was absent of any other source of 
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these compounds. Sputter cleaning caused the $rlam\ siloaanc, 
polydimcibylsiloxane, and w; peaks to disappear. 

The hydrino hydride compounds (mle) assigned as parent peaks or 
the corresponding fragments (mle) of iFic negative Time Of Flight 
Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #13 taken in the 
static mode appear in TABLE 33. 

TABLE 33. The hydrino hydride compounds (mle) assigned as parent 
peaks or the corresponding fragments (mle) of the negative Time Of 
Flight Secondary Ion Mass Spectroscopy (TOFSIMS) of sample #13 taken 
in the sialic mode. 



Hydrino Hydride 


Nomina) 


Observed 


Calculated 


Difference 


Compound 


Mass 


m 1 e 


m / e 


Between 


oi Fragment 


m t c 






Observed 
and Calculated 
m 1 c 


KH X 


42 


4 1 .99 • 


4 1 .987 185 


0.0028 




4 3 


43.00 


42.9950 1 


0.00b 


Na 7 H 2 


40 


40.00 


47.99525 


0.005 


NaHNaOH 


64 


64.00 


63.990)6 


0.00! 




66 


66.00 


66.0058 ! 


0 006 


CrO 


68 


67.93 


67.9354 1 


0.005 


Cr0 7 


84 


83.93 


83.93032 


0.000 


OOJi 


85 


84.94 


04.93.0145 


0.002 


00,11, 


86 


85.94 


85.94597 


0.006 


FeO, 


80 


87.92 


87.92472 


0.005 


FcOJi 


89 


80.93 


88.932545 


0.002 


FeOJl, 


90 


89.94 


89.94037 


0.000 


KH l KOH 


99 


90. 95 


90.961455 


0.01 1 


CrO y 


too 


99.92 


99.92523 


0.005 


OOJi 


1 0 1 


tOO. 93 


100 933055 


0.003 


00 } !i 7 


102 


101.935 


101.94080 


O.006 


MoO y 


i 40 


139 89 


139.89103 


0.001 


MoOJl 


\ 4 1 


t4D.89 


1 40.898855 


0.009 
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MoOJi 


1 57 


156.89 


156.80346 


0.007 


Crl, 


306 


305.74 


305.7413 


0.000 


Cuh 


3t 7 


316.73 


316.7306 


0.000 


Cr/3 


433 


432.64 


432 641 7 


0.002 


Fcl i 


437 


436.64 


436.6361 


0.004 


Silaries/Siloxanes 










Si 


28 


27.97 


27.97693 


0.007 


Sin 


29 


28.98 


28.984755 


0.005 




57 


57.02 


57.01368 


0 006 


NaStH, 


53 


58.02 


58.0? 1505 


0.002 


NaSili l 


59 


59.02 


59.0?933 


0.009 


SiO, . 


60 


59.97 


59.96675 


0 003 


KSiH b 


7 3 


72 99 


72 98759 


0.002 


SiO, 


76 


75.96 


75.96166 


0.002 


SiO.H 


77 


76.97 


76.969405 


0.001 


SiO,J1 : 


7 8 


77.97 


77.977.3! 


0.007 




249 


249.01 


249 01 1065 


0.001 


NoSi,H lt O 


249 


248 93 


248 93277 


0 003 




3S0 


349.92 


349.91829 


0 002 


NoSi,H ti O{NoSi :! H h O) > 


451 


450.9 


460 9038 1 


0 004 



I he negative mode ion spectrum showed ihc following inorganic 
ions: ()\ OH\ F (trace), NO; t ^-containing ions (5 SJ!\ SO, , HSO' 4 ), C\\ 
r, , and Mo-containing ions (nace) (MoO;.nm\ ?JMo0 4 ). Silane and 
Siloxane fingmenis were observed which were piescm at essentially each 
m/e>)50. The siloxnnc ions wiih the formula NnSLH u O(NoSiJJ t p) ' n = 0 to 2 

dominated ihc high mass range of the nejpiive specua. A structure for 
NaSUi u O' given in TABLE 33 is 
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H 
■ 



H 

I 

H 



H 
H 



M 

-Si 

i 

M 



A fragment from sodium silanc or siloxaoe ions Riven herein may nccoun, 
for .he NaSiil, peak of «he Elecirospray-lonizaiion.Timc-Of-Flighi.Mass- 
Speclram of ESITOFMS sample «2 g.vcn in the corresponding seciion 

A very large KH y ' peak (100,000 counts) was present which 
confirms thai KH> is volatile since i, was obtained via cryopumpinf of the 
reaction products of the gas cell hydrino hydr.de reactor. Tins „, , e - 42 
peak confirms the = « peak observed as a function of ionization 

^ICUm'fV ™?*i* ai0m ™ fOT » 80S cell sample as shown 

». FIGURE 62. A different ,on of *//„. 2 2. is observed in the 

case of an electrolytic cell sample as show,, j„ FIGURE 63. Both results 
are described in ,he Identification of Hydr.no Hydride Compounds by 
Time •Or-H.ghi-Secondary-lon-Mass-Spcciroscopy (TOFS1MS) Section. 

The 0 to 110 eV binding energy region of an X-ray Photoelectron 
Spectrum (XPS) of TOFSIMS sample #13 (XPS sample U14) is shown j„ 
HGURE 66. The 0 eV to 80 eV binding energy region of an X-ray 
Photoelectron Spectrum (XPS) of Kl (XPS sample #lf>) j s show,, „, FIGURE 
67 Comparing FIGURE 66 to FIGURE 67, hydr.no hydride ion peaks 
tt [n=Mp) for p=3 IO ^16 were observed. The XPS survey spectrum or 
(XPS sample #14) was consistent with silicon, oxygen, iodine sulfur 
aluminum, and chromium. Small molybdenum, copper, nickel, and 'iron 
peaks were also seen. The other elements seen by TOFSIMS were below 
the de.ec.ron limit of XPS. No potassium peaks were observed at the XPS 
detection limit. 

The XPS silicon peak confirms the hyd.mo hydride silane and 
stloxane compounds observed in the TOFSIMS spectra XPS further 
confirms the TOFSIMS spectra that the major components were metal 
hydr.no hydrides such as chromium hydrino hydiide. The presence of 
metal w.ih hydrino hydride and oxide ions indicates that the metal 
hydrino hydride may become oxidized over time. The observed metals 
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(as metal hydrino hydrides) were cryopnmpcd a. a temperature a, which 
these metals ..lone have „o volatility. Furthermore, for each major 
primary clement of ,he sample, a shoulder or unusual XPS peak of the 
pnmary element was found a. the binding energy of a hydrmo hyJride 
5 .on as shown in FIGURE 66. This may be due to bonding of a hydrino 
hydr.de .on to a primary clement to form a compounds such as Mil . 
whe.e M is a metal and ,. is an integer as given in TABLE 32 As a" 
fu.ther example, a shift of the potassium 3/> and oxygen 2, «f XPS sample 
17 shown in FIGURES 22 and 64 to the position of the hydrino hvdride 

10 .on H (1/6) ai binding energy (22.8 eV) may be due to .he presence of 
KHKOU which is seen in the TOFSIMS spectrum (TOFSIMS sample #8) 
shown in FIGURE 60. XPS and TOFSIMS confirm the presence of hydr.no 
hydr.de compounds. The present TOFSIMS data was particularly 
compelling due the presence of the isotope peaks of .he metal hydrino 

t 5 hydrides. 

il^JdejUifiei^ 

I&fclierL. Ji:I!.ID_S|?ecir_oicopy 



20 



Inf.arcd spectroscopy mcasu.es the vibrational frequencies of .he 
bound atoms or ions of a compound. The technique is based on the fact 
that bonds and groups of bonds vibrate at characteristic frequencies 
When exposed «p infrared radintio,,. a compound selectively absorbs 
inf.arcd frequences that .natch those of allowed vibrational modes 
2 5 lhcrefore. the infrared absorption spectrum of a compound reveals 

which v.bra.ions. and thus which functional groups, are present in the 
structure. Thus, novel vibrational frequencies that do no. match the 
functional groups of known possible compounds in a sample are 
signatures for increased binding energy hydrogen compounds. 



30 



13.8.1 Sample Collection and Preparation 



A reaction for preparing hydrino hydride ion-coniaintiio 
compounds is given by Eq. (8). Hydrino atoms which react ,o°form 
3 5 hydr.no hydr.de ions may be produced by n» electrolytic cell hvdr.de 

reactor whrch was used to prepare crystal samples for FTIR spectroscopy 
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The bydrioo hydride compounds were collected directly or they were 
purified from solution wherein the K,CO, electrolyie was acidified with 
UNO, before crystals were precipitated on n crystallization dish. 

Sample ffl. The sample was prepared by concentrating the AT ? CO, 
electrolyte from the Thcrmacorc Electrolytic Cell until yellow-white 
crystals just formed. The XPS (XPS sample tt6\ XRD spectra (XRD sample 
#2), TOFSIMS spectra (TOFSIMS sample HI), NMR (NMR sample ffl). and 
ESlTOFMS spectra (ESlTOFMS sample #2) were also obtained. 

Sample #2. A reference comprised 99.999% KlfCO z . 
-Sample »3. A reference comprised 99.999% /C 7 C0 3 . 

1 5 Sample IM. The sample was prepared by I.) acidifying <100 cc of 

the KXO> electrolyte of the Thermaeore FJcciroiytic Cell with HNO ? , 2.) 
concentrating the acidified solution to a volume of 10 cc, 3.) placing ihc 
concentrated solution on a crystallization dish, and 1.) allowing crystals to 
form slowly upon standing at room temperature. Yellow-white crystals 

2 0 formed on the outer edge of the crystallization dish. XPS (XPS sample 

flJO), mass spectra (mass spectroscopy electrolytic cell samples #5 and 
fi6). XRD spectra (XRD samples *3A and «3B), and TOFSIMS (TOFSIMS 
sample #3) were also obtained. 

25 Sample #5. A reference comprised. 99.999% KNO y 

13.8.2 Fourier Transform Infrared (FTIR) Spectroscopy 

Samples were sent to Surface Science Laboratories. Mountain View 

3 0 California for FTIR analysis. A sample of each material was transferred 

to an infrared transmitting subsirate and analyzed by FTIR spectroscopy 
using a Nicole* Magna 550 FTIR Spectrometer with a NicPlan FTIR 
microscope. The number of sample scans was 500. The number of 
background scans was 500. The resolution was 8.000. The sample gain 
3 5 was 4.0. The mirror velocity was 1.8988. The aperture was 150.00. 



WO 99/05735 



rCT/US98/14029 



2 1 I 

13.8.3 Results and Discussion 

The FriR spectra of potassium bicarbonate (sample //2) and 
potassium carbonate (sample «3) were compared with that of sample #1. 
5 A spectrum of a mixture of the bicarbonate and the carbonate was 
produced by digitally adding the two reference spectra. The two 
standards alone and the mixed standards were compared with that of 
sample til. From the comparison, it was determined that sample tfl 
contained potassium carbonate but did not contain potassium 
1 0 bicarbonate. The second component could be a bicarbonate other than 
potassium bicarbonate. The spectrum of potassium carbonate was 
digitally subtracted from (he spectrum of sample ill. The subtracted 
spectrnm appears in FIGURE 68. Several bands were observed including 
bands in the MOO - 1600 cm' % region. Some organic nitrogen compounds 

1 5 (e.g. acrylamidcs, pyrolidinoncs) have strong bands in the region 

1660 cm *. However, the lack of any detectable C- // bands and the bands 
in the 700 to 1 100 cm' 1 region indicate an inorganic material. Peaks 
assigned hydrino hydride compounds were observed at 3294, 3077, 2883. 
1100 cm \ 2450, 1660, 1500, 1456, M23, 1300. 1154, 1023, 846, 761, and 669 an' 1 . 

2 0 The novel peaks without identifying assignment correspond to and 

identify hydrino hydride compounds according to t tie present invention. 
The r-TIR results were confirmed by XRS (XPS sample «6), TOPS I MS 
(TOFS1MS sample #1), and NMR (NMR sample lt\) as described in the 
corresponding sections. 

2 5 The overlap FTIR spectrum of sample #1 and the FT! R spectrum of 

the reference potassium carbonate appears in FIGURE 69. In the 700 to 
2500 cm * region, the peaks of sample #1 closely resemble those of 
potassium carbonate, but they arc shifts about 50 on"' to lower 
frequencies. The shifts are similar to those observed by replacing 

3 0 potassium (Af.CO.) with uibidium (KfcXO,) as demonstrated by comparing 

their IR spectra [M. II Brooker, i. B. Bates, Spectrochimica Acata, Vol. 30A, 
(194), pp. 2211 2220). The shifts of sample tfl arc assigned to hydrino 
hydride compounds having the same functional groups as potassium 
carbonate bound in a bridged stiucture containing hydrino hydride ion. 
3 5 A structure is 



WO 99/05735 



PCTAJ5i98/H029 



212 



J r> 

The FTIR spectrum of sample #4 appears in FIGURE 70. The 
frequencies of the infrared bands of KNO y appear in TABLE 34 IK. Buijs, C. 

J. H. Schuttc, Spccirochim. Am, (1962) Vol. 18, pp. 307-313.]. The 
5 infrared spectral hands of sample it4 match those of KNO^ identifying a 
major component of sample #4 as KNO y with two exceptions. Peaks 
assigned to hydrino hydride compounds were observed at 2362 an' 1 and 
2336 cm' 1 . The novel peaks were confirmed by overlaying the FTIR 
spectrum of the reference comprising 99-999% KNO s (sample 115) with the 

1 0 FTIR spectrum of the sample f/4. The peaks were only present in the 
FriR spectrum of sample #4. The novel peaks without identifying 
assignment correspond ro and identify hydrino hydride compounds, 
according to the present invention. The FTIR results were confirmed by 
XPS (XPS sample JflO), mass speciroscopy (mass spectroscopy electrolytic 

1 5 cell samples tf5 and «6), TOFS1MS (TOFSIMS sample #3), and XRD (XRD 
samples W3A and H3B) as described in the corresponding sections. 
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TABU- 34. t he frequen cies of (he infrared bands of KM?,. 



I 0 



Frequency 
(cm-'} 


Relative Intensity 


715 


WW. 


811 


WW. 


826 


s. sp. 


10S2 


ww. sp. 


1383 


vvs. 


1767 


m. sp. 


1873 


WW. 


2066 


- . w - S P 


2092 


vw. sh. 


21S1 


WW. 


2404 


m. sp. 


242 I 


nr». sh. * 


! 2469 


w. 


2740 


w. sp. 


2778 ! 


w. sp. 



) 5 



112 — ycniiD^tio^oMlydnnp Hvdride Compound Jfry__g_ ? m™ 
Spectroscopy 

Raman speciroscopy mcastucs the vibrational frequencies of il»c 
bound atoms or ions of a compound. The vibrational frequencies are a 
function of Ihe bond strength and the mass of the bound species. Since 
the hydrino and hydrino hydride ion are each equivalent in mass to the 
hydrogen atom, novel peaks relative to the spectrum of hydrogen bound 
to the a given species such as nickel are indicative of different bond 
strengths. A different bond strength can only arise if the binding encrcy 
of the electrons of hydrogen species is diffcreni from the known'bindina 
energies. Thus, these novel vibrational frequencies are signatures for 
increased binding energy hydrogen compounds. 



13.9.1 Sample Collection and Preparation 
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A reliction for preparing hydrino hydride ion-containing 
compounds is given by Eq. (8). Hydrino atoms which react to form 
hydrino hydride ions may be produced by a K 2 CO y electrolytic cell 
hydride reactor. The cathode was coaled with hydrino hydride 
5 compounds during operation, and a nickel wire from the cathode was 

used as the sample for Raman spectroscopy. Controls comprised a control 
cathode wire from an identical Na 7 CO y electrolytic cell and a sample of the 
same nickel wire used in the K } CO> electrolytic cell. An additional sample 
was obtained from the electrolyte of a /c,C0 3 electrolyse cell. 

1 0 

13.9.1. 1 Nickc! Wire Samples. 

Sample 01. Raman spectroscopy was performed on a nickel wire 
that was removed from (he cathode of the K.CO, Thermacore Electrolytic 
Cell that' was rinsed with distilled waler and dried. 

1 5 

Sample «2. Raman spectroscopy was performed on a nickel wire 
that was removed from the cathode of a control Na. t CO y electrolytic cell 
operated by BlackLight Power. Inc. thai was rinsed with distilled water 
and dried. The cell produced no enthalpy of formation of increased 

2 0 binding energy hydrogen compounds during two years of operation and 

was identical to the cell described in the Crystal Samples from an 
Electrolytic Cell Section except thai Na.CO, replaced K 7 CO x as the 
electrolyte. 



2 5 Sample «3. Raman spectroscopy was performed on the same nickel 

wire (Nl 200 0.0197", HTN36NOAG!, Al W,re Tech. Inc.) that was used in 
the electrolytic cells of sample ill and sample #2. 

I3.9.L2 Crystal Sample. 

30 

Sample ff4. The sample was prepared by concentrating 300 cc of 
the K z CO y electrolyte from the BLP Electrolytic Cell using a rotary 
evaporator at 50 °C until a precipitate just formed. The volume wns 
about 50 cc. Additional electrolyte was added while hearing at 50 °C 

3 5 until the crystals disappeared. Crystals were then grown over three 

weeks by allowing the saturated solution to stand in a sealed round 
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bottom flask for three weeks at 25°C The yield was i g. XPS (XPS 
sample 07), TOFSIMS (TOFSJMS sample #8), NMR(** NMR sample 
#1), and ES1TOFMS (ESITOFMS sample O) were also performed. 

5 13.9-2 Raman Spectroscopy 

Experimental and control samples were analyzed blindly by the 
Environmental Catalysis and Materials Laboratory of Virginia Tech. 
Raman specira were obtained with a Spcx 500 M spectrometer coupled 
1 0 wiih a liquid nitrogen cooled CCD (charge coupled device) detector 
(Spectrum One, Spex). An At* laser (Model 95, Lcxel) with the light 
wavelength of 514.5 nm was used as the excitation source, and a 
holographic filler (SupcrNoich Plus, Kaiser) was employed to effectively 
reject the elastic scattering from the sample. The spectra were taken at 

1 5 ambient conditions and the samples were placed in capillary glass lubes 

(0.8- 1.1 mm OD, 90 mm length, Kimble) on a capillaiy sample holder 
(Model 1492, Spcx). Specira of the powder samples were acquired usin<> 
the following condition: the laser power at the sample was 10 mW, the 
slit width of the monochromator was 20 mm which corresponds to a 

2 0 resolution of 3 on\ the detector exposure time was 10 s, and 30 scans 

were averaged The wjres were directly placed on the same sample 
holder. Since the Raman scattering from the wires were significantly 
weaker, the acquisition conditions for their spectra were: the laser power 
at the sample was 100 mW, the slit width of the monochromator was 50 

2 5 mm which corresponds to a resolution of 6 cm \ the detector exposure 

time was 30 s, and 60 scans were averaged. 

13.9.3 Results and Discussion 

3 0 Shown in FIGURE 71 The stacked Raman spectrum of 1.) a nickel 

wire that was temoved from the cathode of the KXO % Therniacoic 
Electrolytic Cell that was rinsed with distilled water and dried, 2.) a 
nickel wire that was removed from the cathode of a control AtojCXX 
electrolytic cell operated by BlackLight Power, Inc. that was rinsed with 
3 5 distilled water and dried, and 3.) the same nickel wire (Nl 200 0.0197", 
HTN36NOAG1. A I Wire Tech, Inc.) that was used in the electrolytic cells 
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of sample #2 and sample #3. The identifiable peaks of each spectrum arc 
indicated. Jo acJcl.no,,, sample 01 (caihoclc of the K 7 CO, electrolytic cell) 
contained a number of unidentified peaks at 1 134 cm", 1096 cm-', 1047 cm ', 
100-1 or," 1 , and 828 o„ \ The peaks do not correspond to the known Raman 
peaks of K } CO, or KHCO, [i. a. Gegcn. G. A. Newman. Spccirochimica Acta. 
Vol. 49 A. No. 5/6. (I993), pp. 859-887.) which are shown in TABLE 35 
and TABLE 36. respectively. The unidentified Raman peaks of the 
crystals from the cathode of the K ? co, electrolytic cell hydrino hydride 
reactor arc in the region or bridged and terminal metal-hydrogen bonds. 
The novel peaks without identifying assignment correspond to and 
identify hydrino hydride compounds, according to the present invention. 

TABU- 35. The f re quencies of the Raman bands of K,CO y . 



frequency 
(cm 1 ) 


Relative Intensity 


13? 


m 


toe 


m 


\ ?3S 


w 


676 


vw 


700 


VW 


t 059 




t 37? 


vw 


M20 


vw 


1438 


vw 
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FABLE 36. T he frequencies of ihe Raman bands of KHCO y 



Frequency 
(cm- 1 ) 


Relative Intensity 


70 


s 


106 


s 


137 


m 


1 83 


in 


6 3i> 


rn 


675 


m 


1028 


s 


1278 


m,b 



10 



15 



20 



25 



In addition to Raman spectroscopy, X-ray diffraction (XRD), 
calofimetry, and gas chromatography experiments were performed as 
given in the corresponding sections. The corresponding XRD sample was 
sample HI. The 2 iheta and d-spacings of the unidentified XRD peaks of 
the crystals from the cathode of die K 2 CO } electrolytic cell hydrino 
hydride reactor (XRD sample JMA) are given in TABLE 5 and FIGURE 50. 
The results of die measurement of die enthalpy of ihc decomposition 
reaction of hydrino hydride compounds measured with the adiabatic 
calorirnctei are shown in FIGURE 43 and TABLE 8. The results indicate 
that the decomposition reaction of hydrino hydride compounds is very 
exothermic. In the best case, the enthalpy was I MJ released over 30 
minutes. The gas chromatographic analysis (60 meter column) of high 
purity hydrogen is shown in FIGURE 45. The results of the gas 
chromatographic analysis of the heated nickel wire cathode of the K 7 CO y 
cell appear in FIGURE 46. The results indicate that a new form of 
hydrogen molecule was detected based on the presence of peaks with 
migration times comparable but distinctly different from those of the 
normal hydrogen peaks. 

The Raman spectrum of sample 114 appears in FIGURE 72. Jn 
addition to the known peaks of KHCO y and a small peak assignable to 
K 7 CO^ unidentified peaks at 1685 on*' and 835 cm" 1 are present. The 
unidentified Raman peak at 1685 cm' 1 is in the region of N - H bonds. FTIR 
sample tt\ also contains unidentified bands in the 1400- J 600 cm"' region. 
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Raman sample #4 and FUR sample //I do not contain N - H bonds by XPS 
studies. The N \s XPS peak of the former is at 393.6 eV and the N Is XPS 
peak of the later is a very broad peak at about 390 eV. Whereas, the N is 
XPS peak of compounds containing an N - 11 bond is seen at about 399 eV . 
5 and the lowest energy N \s XPS peak for any known compound is about * 
397 eV. 

The 835 cm" peak of Raman sample fM is in the region of bridged 
and terminal metal-hydrogen bonds which are also indicated in Raman 
sample tf|. The novel peaks without identifying assignment correspond 
I 0 to and identify hydrino hydride compounds, according to the present 
invention. 



I 5 



25 



3 0 



NMR can distinguish whether a proton of a compound is present as 
a proton, //;, a hydrogen atom, or a hydride ion. In the later case, NMR 
can further dctcunine whether the hydride ion is a hydrino hydride ion 
and can determine the fractional quantum state of the hydrino hydride 

2 0 ion. The proton gyromagnctic ratio y^/2;r is 

y, I 7n = 42 57602 MHz T % ( 8 3) 

The NMR frequency / is the product of the proton gyromagneitc ratio 
given by Eq. (83) and the magnetic flux B. 

/= y p /2/iB- 42.57602 MHzT'*B (84) 
A typical flux for a superconducting NMR magnet is 6.357 7. According to 
Eq. (84) this corresponds to a radio frequency (RF) of 270.6557591 MHz. 
With a constant magnetic field, the frequency is scanned to yield the 
spectrum. Or. in an example of a common type of NMR spectrometer, the 
radiofrequency is held constant at 270.6196 MHz f the applied maonetic 
field // 0 (« 0 = ~) is varied over a small range, and the frequency of 

energy absorption is recorded ai die various valves for Il 0 . Or, the field 
is varied with an RF pulse. The spectrum is typically scanned and 
displayed as a function of increasing H a . The protons that absorb energy 
at a lower // 0 give rise to a downficld absorption peak; whereas, the 

3 5 protons that absorb energy at a higher H„ give rise to an upfield 
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absorption peak. The electrons of ihe compound of a snmple influence 
the field at the nucleus such thai it deviates slightly from the applied 
value. For the case thai, ihe chemical environment has no NMR effect, the 
value of // 0 at resonance with ihe ladiofrcquency held constant at 
5 270.6196 Mfh is 

2itf_ (2/r){270.6196 MH z) _ 

VoY, /'o 4 ? 57602 Mtli f* 0 * 83) 
In ihe case ihat the chemical environment has a NMR effect, a different 
value of // 0 is required for resonance. This chemical shift is proportional 
to Ihe electronic magnetic flux change at the nucleus due to the applied 
I 0 field which in the case of each hydrino hydride ion is a function of its 

radius. The change in the magnetic moment, Am, of each electron of the 
hydride ion due to an applied magnetic flux B is | Puree)!. Electricit y 
and Magnetism. McGraw-Hill, New York. (1965). pp. 370-389.) 

<<V/B 

1 5 The change in magnetic flux AB at the nucleus due to the change in 

magnetic moment. Am. of. each election follows from Hq. (KI00) of Mills 
| Mills, R . , The Gran d .Unified Theor y of C lassi cal O unniuin Mecjnnics , 
September 1996 Edition (" '96 Mills GUT")). 

AB = COS0 - i o $'\n0) foi r</ n (87) 

2 0 where ;/ 0 is the pcimcability of vacuum. It follows from Bqs. (86*87) 

that the di;jmn»nctic (lux (Dux opposite to the applied field) at ihe 
nucleus is inversely proportional to the radius. For resonance to occur. 
A// 0 . the change in applied field from that given by Eq. (85). must 
compensate by an equal and opposite amount as the field due to the 

2 5 electrons of the hydrino hydride ion. According to Eq. (21). the ratio of 

ihe radius of the hydrino hydride ion H~{\fp) to that of the hydride ion 
/r(l/l) is the reciprocal of an integer. It follows from Eqs. (85-87) that 
compared to a proton wiih a no chemical shift, the ratio of for 
resonance of the proton of the hydrino hydride ion //"(l/p) to that of the 

3 0 hydride ion H~(\t\) is a positive integer (i.e. the absorption peak of the 

hydrino hydride ion occurs at a valve of AH 0 that is a multiple of // times 
the value of AH 9 that is resonant for the hydride ion compared to that of 
a proton with no shift where p is an integer). However, hydride ions are 
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not present as independent ions in condensed mailer. Hydrino hydride 
ions form neutral compounds wilh alkali and other cations which 
contribute a significant downficld NMR shift to give an NMR signal in a 
range detectable by an ordinary proton NMR spectrometer. In addition, 
5 ordinaiy hydrogen may have an extraordinary chemical shift due to the 
presence of one or more increased binding energy hydrogen species of a 
compound comprising ordinary and increased binding energy hydrogen 
species. Thus, the possibility of using proton NMR was explored to 
identify hydrino hydride ions and increased binding energy hydrogen 
I 0 compounds by their novel chemical shifts. 

13.10.1 Sample Collection and Picparalion 

A reaction for preparing hydrino hydride ion-containing 

1 5 compounds is given by Eq. (8). Hydrino atoms which react to form 

hydrino hydride ions may be produced by an electrolytic cell hydride 
reactor which w;is used to prepare crystal samples for NMR spectroscopy. 

Sample tfl. The sample was prepared by concentrating the AT, CO, 

2 0 electrolyte from the Tlicrniacorc Electrolytic Cell until yellow-while 

crystals just formed. X1\S (XFS sample «6). XRD spectra (XRD sample »2). 
TOFSIMS (TOFSIMS sample tfl), FUR spectrum (FVIR sample and 
GSrrOFMS spectra (ESITOFMS sample #2) were also obtained. 

25 Sample »2. A relerencc comprised 99.999% ff,C0,. 

Sample %3. A reference comprised 99% KHCO x . 
13.10.2 Proton Nuclear Magnetic Resonance (NMR) Spectroscop\ 

3 0 

Samples were sent to Spectral Data Services > Champaign, Illinois. 
Magic-angle solid proton NMR was performed. The data were obtained 
on a custom built spectrometer operating with a Nicolei 1280 computer. 
Final pulse generation was from a tuned Henry radio amplifier. The 7* 
3 5 NMR frequency was 270.6196 MHz. A 2/isec pulse corresponding to a 
1.5° pulse length and a 3 second recycle delay were used. The window 



WO 99/05735 



YCTIVSWl '1029 



22 I 



was +3l«fe. The spin speed was 4.5 kHz. The number of scans was 
1000. Chemical shifts were referenced to external TMS. The offset was 
1527.12 Hz. The magneiic flux was 6.357 T. 

5 13.10.3 Results and Discussion 

The NMR specira of sample ii 1 is shown in FIGURE 73. The 
peak assignments arc given in TABLE 37. The NMR spectrum of the 
K 7 CO, reference, sample ff? T was extremely weak. It contained a 
10 water peak at L208 ppm. a peak at 5.604 ppm, and very broad weak 
peaks at 13.2 ppm. and 16.3 ppm. The NMR spectrum of the KHCO, 
reference, sample #3, contained a large peak at 4.745 with a small 
shoulder at 5.150 ppm, a broad peak at 13.203 ppm. and small peak 
at 1.2 ppm. 

1 5 Thc »y<Jrino hydride compound peaks shown in FIGURE 73 and 

assigned in TABLE 37 were not present in the control. The NMR 
spectrum was observed io be reproducible, and the hydrino hydride 
compound peaks were observed to be present in the NMR spectra of 
samples prepared from the K 2 CO } cell by different methods (e. g. 

2 0 TO PS IMS sample »)- The peaks could not be assigned to 

hydrocarbons. Hydrocarbons were not present in sample ff! based 
on the TOFSIMS spectrum (TOFSIMS sample //I) and the FTIR 
spectrum (FTIR sample #1). The novel peaks without identifying 
assignment correspond to and identify hydrino hydride compounds, 

2 5 according to the present invention. The assignment of hydrino 

hydride compounds was confirmed by XPS (XPS sample ff6), XRD 
spectra (XRD sample #2), TOFSIMS (TOFSIMS sample ill). RJR 
spectrum (FTIR sample U\). and ESITOFMS spectra (ESITOFMS 
sample ill) described in the corresponding sections 

3 0 
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TABLE 37 



1 0 



Peak 
Number 


Shit! 

(ppm) 


Assignment 


1 


+ 34.54 


^jde_ba|idLc4 peak 3 


2 


* c. <. . c. i 


side band of peak 7 


3 




hydrino hydride 
compound 


A 
'4 


+ 10.91 


hydrino hydride 
compound 


5 


+ 0.4 56 


hydrino hydride 
compound 


6 


^ 7.50 


hydrino hydride 
Compound 


7 


+5.066 




0 


* 1.B30 


hydiino hydfide 
compound 


9 


♦0.59 


side band of oeak 3 


1 0 


- 12.05 


hydrino hydride 
compound 3 


l I 


- 1 5 45 


hydrrno hydride 
compound 



1 5 



3 small shoulder is ol.seivcd on pea* 10 w*ch > s the side band of peak 7 

U4J I dentification 0 r l?y< ij,U)aJ^iLri(i£^ompoun<is bv F.lectrocprgy. 

J . wis^ » >on -T? me-Of- FHt>h t- Mass-S pec^ 9 scoov rP^iT QPM^ 

Electrospray- lonizaiion-Time-Of-Flight-Mass-Spectroscopy 
(0SITOFMS) is a method to determine the nms spectrum over a \« T °c 
dynamic range of mass to charge ra.ios (e.g. „,/,= , - 600 ) with extremely 
high precision (e.g. :t0.005 ,»„„>. EsseniialJy the M+| peak of each 
compound is observed without fragmentation. The analytc is dissolved in 
a carrier solution. The solution is pumped imo and ionized in an 
electrospray chamber. The ions are accelerated by a pulsed voltage, and 
the mass of each ion is then determined with a high resolution lime-of- 
fli^hl analyser. 
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13. II.] Sample Collection and Preparation 

A reaction for preparing hydrino hydride ion-containing 
5 compounds is given by Eq. (8). Hydrino atoms which react to form 
hydrino hydride ions may be produced by a gas cell hydride reactor 
which was used lo prepare ciysial samples for ES1TOFMS. The hydrino 
hydride compounds were collected directly following cryopumping from 
the reaction chamber. 

1 0 

Sample ffl. The sample was prepared by collecting a dark colored 
band of crystals from the lop of the gas cell hydrino hydride reactor 
comprising a Kl catalyst, stainless steel filament leads, and a IV filament 
that were cryopnmped there during operation of the cell. XPS was also 

1 5 performed at Lehigh University, 

Sample «2. The sample was prepared by concentrating Hie K*CO x 
electrolyte from the Thcrmacore Electrolytic Cell until yellow-white 
crystals just formed. XPS was also obtained at Lehigh University by 

2 0 mounting the sample on a polyethylene support. In addition to 

FSITOPMS, XPS (XPS sample fib), XRD (XRD sample 1/2). TOFS1MS 
(TOFS1MS sample fll), FTIR (F-T1R sample and NMR (NMR sample #1), 
were also performed as described in the respective sections. 

2 5 Sample f/3. The sample was prepared by concentrating 300 cc of 

the K 2 CO, electrolyte from the BLP Electrolytic Cell using a rotary 
evaporator at 50 °C until a precipitate just formed. The volume was 
about 50 cc. Additional electrolyte was added while heating at 50 °C 
until the crystals disappeared. Crystals were ihen grotfn over three 

3 0 weeks by allowing the saturated solution to stand in a sealed round 

bottom flask for three weeks at 25«C. The yield was i g. in addition to 
ESITOFMS. XPS (XPS sample //?). TOFS1MS (TOFSIMS sample #8). *K NMR 
( W /T NMR sample tfl), and Raman spectroscopy (Raman sample #4) were 
also performed. 

35 



Sample HA. The sample was prepared by collecting a red/orange 
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band of crystals thai were cryopumped to the top of (he gas cell hydrino 
hydride reactor at about 100°C comprising a Kl catalyst and a nickel 
fiber mat dissociator that was heated to 800 °C by external Meilen 
heaters. The TOPS IMS spectrum (TOFS1MS sample #9) was also obtained 
5 ns given in the TOPS IMS section. 

Sample #5. The sample was prepared by collecting a yellow band 
of crystals thai were eryopuinped to the top of the gas cell hydrino 
hydride reactor at about 120°C comprising a Kl catalyst and a nickel 
I 0 fiber mat dissociator that was heated to 800 °C by external Mellcn 
heaters. The TOFSiMS spectrum (TOPS! MS sample «t0) was also 
obtained as given in the TOPSIMS section. 

Sample «6. A refeience comprised 99% K 7 CO y . 

1 5 

Sample S7. A reference comprised 99.99% K) . 

I 3.1 1 .2 Elcctrospray-lonization-Tirne-Of-PIighi-Mass-Speciroscopy 

2 0 (FSITOFMS) 

Samples were seni to Persepiivc Btosvstems (Fraininghain. MA) Tor 
ESITOFMS analysis. The data was obtained on a Mariner ESI TOP system 
fitted with a standard elecirospray interface. The samples were 

2 5 submitted via a loop injection system with a 5 fil loop at a flow rate of 

20/j//min. The solvent was water:acetonitii)e (50:50) with 1% acetic acid. 
Mass spectra are plotted as the number of ions detected (Y-axis) versus 
the mass-to-charge ratio of the ions (X-axis). 

3 0 13.13.3 Results and Discussion 

In the case that an M + 7 peak was assigned as a potassium hydrino 
hydride compound in TABLES 38-41, the intensity of the M-f2 peak 
significantly exceeded the intensity predicted for the corresponding * l K 
3 5 peak, and the mass was correct. For example, the intensity of the peak 
assigned to KHKOH s was at lensi twice that predicted for the intensity of 
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the U K peak corresponding to K 7 0Jt. in ihc case of "KfT 2 , the J, K peak 
was nol present and peaks corresponding lo a metastable neutral were 
observed w/e = 42. 14 and m/e -42.23 which may account for ibe missing 
ions indicating that the "K species C % KH;) was a neutral metastable. A 
5 more likely alternative explanation is that *K and undergo exchange, 
and for certain hydrino hydride compounds, the bond energy of the 39 K 
hydrino hydride compound exceeds that of the 6l K compound by 
substantially more than the thermal energy due to the larger nuclear 
magnetic moment of 79 K. The selectivity of hydrino atoms and hydride 

10 ions to form bonds with specific isotopes based on a differential in bond 
energy provides the explanation of the experimental observation of the 
presence of W KH* in the absence of Al KH; in the TOFSIMS spectra 
presented and discussed in the corresponding section. Taken together 
ES1TOFMS and TOFSIMS confirm the isotope selective bonding of 

I 5 increased binding energy hydrogen compounds. 

The hydrino hydride compounds {m/e) assigned as parent peaks or 
the corresponding fragments (m/e) of the positive E Ice. tros pray - 
Ionization- Time- Of. Flight-Mass-Spectroscopy (ESITOFMS) of sample tfl 
appear in TABLE 38. 



TABLE 38. The hydrino hydride compounds (m/e) assigned as parent 
peaks or the corresponding fragments [m/e) of the positive Elccirospray- 
lo nizauon-Timc-Of-Fli Rh t-Mass- Spectroscopy (ES1TOFM S ) q f sample gL 



Hydrino Hydride 
Compound 
or Fragment 


Nominal 
Mass 
m I e 


Observed 
m/e 


Calculated 
m/e 


OMIerence 
Between 
Observed 
and Calculated 
m / e 




1 55 


154.985 


154.983615 


0.001 4 


Si 4 H„0 : 


1 59 


169.0024 


159.014915 


0.0125 


NaSi s H y% 0 


202 


202.0657 


202.049335 


0.016 




205 


205.0713 


205.0728 t 


0.001 


SiJi yi O 


21 1 


21 1.0591 


211. 06776 


0.0087 


ShN* 


221 


221.0480 


221 .034135 


0.014 




28 1 


281.0676 


281.07129 


0.0037 
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|?93 


293.1 152 


293.1 13195 


.0.002 



10 



1 5 



S.lanes were observed. The = 293) peak given in TABLE 

38 which ts an Af + I peak can fragment to SiH, and 37,/A, (,„/e-2S6) 

('« / «■ - 292) S,7/, (,„ / e = 36)+ #,//„ (,„ / e = 256) " ( g g 

A large m/,= 36 peak was observed in the quadrapole mass spectrum 
Ihc peak is assigned to Si//,. Dihydrino peaks were observed in the XPS 
at 



139.5 eV, corresponding to M 2 |„ = L 2 c = ^>.J I395 ^ amJ a( 63 fV 

>] 

a 



corresponding (o //:[ n ~ ~; 2c* « — 

2 2 



observed. 



/i = - ; 2r ~ 
3 



62.3 eV. Silicon peaks were also 
The dihydrino peaks arc assigned to Si!t R (e.g. 

was also observed in ihe case of XPS 

sample «I2. The 0-160 cV binding energy region of a survey X-ray 
Pho.oeleciron Spectrum (XPS) of sample «)2 with the primary elements 
and dihydrino peaks identified is shown in FIGURE 74. The possibility of 
Pb or In as the source of Ihe 139.5 eV peak was eliminated by TOFSIMS 
No lead or line peaks were observed at the TOFSIMS deiec.ion limit 
which is orders of magnitude that of XPS. A NaSi,H„ (,„/, = 93) peak was 
observed in the TOFSIMS. This peak can give rise to the fra-mcms 
ttaSiH>[mfr«S7) and 5.7/, (m / e = 36). These fragments and similar 
compounds are shown in the Identification of Hydtino Hydride 
2 0 Compounds by Mass Spectroscopy Section. 

N°Si,H l ,(m/c=93)->NaSiH t (m/e=Sl) + Siti t ( r ,,/r = }b) (89) 
The hydrino hydride compounds (m/e) assigned as parent peaks or 
<»c corresponding fragments (m/e) of the positive Elcctrospray- 

lonization-Time-Of-Flight-Mass-Speciroscopy (ESITOFMS) of sample S2 
2 5 appear in TABLE 39. 
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TABLE 39. The hydrino hydride compounds (m/e) assigned as parent 
peaks or the corresponding fragments (mfe) of the positive Elecirospray- 
lonization Time Or-Flioh|.Mass : Spectroscopv (ESITOFMS) o f sample « 2. 



Hydrino Hydride 
Compound 
or Fragment 



KHKOIL 



KH K1ICO, 



Sllancs/S.iloxan cs 



Na v SiH, 



Si % H„ 



NaSi,H X7 0 



Si 9 H i9 0, 



Nominal 
Mass 
ml e 



4 l 



95 



97 



140 



57 



80 



165 



247 



303 



564 



Observed 
ml e 



40.9747 



94.9470 



96.9458 



139.9307 



5C.9944 



80.0087 



150.9658 



1 64.94 14 



246.8929 



302.9068 



563.9549 



Calculated 
ml e 



40.97936 



94.930155 



96. 945805 



139.9278 



57.01360 



00.00348 



15Q.97072S 



164.949985 



246.91712 



302.930065 



563.94376 



Difference 
Between 
Observed 
and Calculated 
ml e 



0.005 



0.017 



0.000 



0.003 



0.01 9 



0.005 



0.005 



0.009 



0.024 



0.024 



0.01 1 



Interference of n Kti; from 4t K was eliminated by comparing the "Kt *K 

ratio with the natural abundance ratio (bbs. - 25%, nat ab ratio = 

- 6 ^7.4%). 
93.1 . 1 



The hydrino hydride compounds (mU) assigned as parent peaks 
ihe corresponding fragments [mfe) of the negative Elcctrospray- 
10 Ionization Tinf)e-OM : ligbt-Mass-Speciroscopy (ESITOFMS) of sample \\2 
appear in TABLE 40. 



or 
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TABLE 40. The hydrino hydride compounds (mfe) assigned as parent 
peaks or the corresponding fragments (m/e) of the negative 
niectrospray*lonizniion.Timc>Of>Flight-Mass-Spectroscopy (ESITOFMS) of 



Hydrino Hydride 
Compound 
or Fragment 


Nominal 

Mass 
m / e 


Observed 
m / e 


Calculated 
m/e 


Difference 
Between 
Observed 
and Calculated 
m/e 


Si!a nes/Si!ox a nes 










NoSiH, 


53 


52.9800 


52.90238 


0.002 



The results for the positive and negative Electrosproy-Ionization- 
Tirne-Of-PHght-Mass-Specuoscopy (ESITOFMS) sample #2 thai appear in 
TABLES 39 and 40 were representative of the results obtained for sample 

83. 

The hydrino hydride compounds (mfe) assigned as parent peaks or 
the corresponding fragments (m/e) of the positive Eiectrospiny- 
Ionization Time-Of-FIight-Mass Spectroscopy (ESITOFMS) of sample ff4 
appear in TABLE 41. 



15 TABLE 41. The hydrino hydride compounds (m/e) assigned as parent 

peaks or the corresponding fragments {mfe) of the positive Eiectrospray- 
^ loni?.ation Ti me- Of- Flight- MasS'Spcctroscopy (ESITOFMS) of sample tf4 . 



Mydrino Hydride 
Compound 
or Fragment 



K/U 



KjOH 



KHKOiU 



/OH 



KlH y 



Nominal 

Mass 

m/e 



4 1 



95 



97 



144 



161 



168 



Observed 
m/e 



40.9747 



94.9407 



96.9459 



143.9205 



160.9198 



167.9360 



Calculated 
m/e 



40.97936 



94.930155 



96.945805 



143.903135 



160.90587 



167.87976 



Difference 
Between 
Observed 
and Calculated 



0.005 



0.019 



0.000 



0.017 



0.014 



0.057 
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| K(KJO) KH 



261 



260.8203 



260.79426S 



0.026 



Inle.ference ol »Kli; from "K was eliminated by comparing the "*/ »K 
ratio with the natural abundance ratio (obs. = 72% nat ab ratio - 

93.) 



1 0 



) 5 



20 



25 



The results for the positive Hlectrospray-IonkatiomTime-Of-Flight- 
Mass- Spectroscopy (ESITOFMS) sample #4 that appear in TABLE 41 were 
representative of the results obtained for sample #5. 

The ESITOFMS spectra of experimental samples had a greater 
intensity potassium peak per weight than the starting material control 
samples. The increased weight percentage potassium is assigned to 
potassium hydrino hydride compound KH. n = 1 ,o 5 ( we i g l„ % K > 88%) as a 
major component of the sample. The "K peak of each ESITOFMS 
spectrum of an experimental sample was much greater than predicted 
from natural isotopic abundance. The inorganic «,/«•-_- 41 peak was 
assigned to KH'. The FSJTOFMS spectrum was obtained for a potassium 
carbonate control and a potassium iodide control where each was run at 
10 limes the weight of material as the experimental samples. The 
spectra showed the norma! "K/ »K ratio. Thus, saturation of the detector 
did not occur. As lurther confirmation the spectra were repeated with 
mass chromatograms on a series of dilutions (10X. 100X. and I0OOX) of 
each experimental and control sample. The »Ki »K ra.io was constan. as 
a function of dilution. The correspondence between 0S1TOFMS sample # 
(TABLE #)and the TOPS IMS sample # (TABLE * ) appear in TABLE 42. 

TABLE 42. The correspondence between ESITOFMS sample It (TABLE #) 



ESITOFMS 
Sample 


ESITOFMS 
TABLE n 


TOFSfMS 
Sample tl 


TOFSIMS 
TABLE & 


2 


39 *& 40 


t 


13 & 14 


3 


39 & 40 


8 


22 & 23 


4 


4 1 


9 


24 & 25 


5 


4 1 


1 0 


26 & 27 
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Hydrino hydride compounds wcfe identified by both techniques. 
ES1TOFMS and TOFSJMS confirm 3nd complement each other and laken 
together provide redoubtable support of hydrino hydride compounds as 
assigned herein such as 

5 

1^_L2 LdcnJUjicai i p n of Hy drino Hydride C ompound^ try 

(TGA/DTAj 

1 0 Thcrmogravimetf ic Analysis 

Thcrmogravimctric analysis is a method which determines the 
dynamic relationship between temperature and mass of a sample. The 
mass x)f the sample is recorded continuously as its temperature is linearly 
increased from ambient to a high temperature (e.g. 1000 "Q." The 

1 5 resulting thermogram provides both qualitative and quantitative 

information. The derivaiive curve of the thermogram (derivative 
thermal analysis) gives additional information that js not detected in the 
thermogram by improving the sensitivity. Each compound has a unique 
thermogram and derivative curve. Novel rates of weight chanse as a 

2 0 function of time with a temperature ramp as compared to die control are 

signatures for increased binding energy hydrogen compounds. 

Differential Thermal Analysis 

Differential thermal analysis is a method where the heat absorbed 

2 5 or emitted by a chemical system is observed by measuring the 

temperature difference between that system and an inert reference 
compound as the temperatures of both are increased at a constant rate. 
The plot obtained between the temperature/time and the difference 
temperature is called a differential thermogram. Various exothermic and 

3 0 endothermic processes can be inferred from the differential thermogram, 

and this can be used as a finger print of the compound under study. 
Differential thermal analysis can also be used to determine the purity of 
a compound (i.e. whether a mixture of compounds is present in the 
sample) 

35 



13.12.1 Sample Collection and Preparation 
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A reaction for preparing hydrino hydride ion-containing 
compounds is given by fcq. (8). Hydrino atoms which react lo form 
hydhno hydride ions may be produced by a /C,CO, electrolytic cell 
5 hydride reactor which was used to prepare crystal samples for TCA/DTA. 
The hydrino hydride compounds were purified from solution wherein the 
/C,C0, electrolyte was acidified with HNO y before crystals were 
precipitated on a crystallization dish. 

10 Sample A reference comprised 99.999% KNO y 

Sample H2. The sample was prepared by acidifying the K,CX\ 
electrolyte fiom the BLP Electrolytic Cell with HNO^, and concentrating 
the acidified solution until yellow-white crystals formed on standing at 

1 5 room temperature. XPS (XPS sample #5). mass spectroscopy of a similar 

sample (mass spectroscopy electrolytic cell sample O), TOPS! MS 
(TOPS I MS sample «6), and TGA/DTA (TCA/DTA sample H2) was also 
performed. 

2 0 13.12.2 Thermal Gravimetric Analysis (TGA) and Differential Thermal 

Analysis (DTA) 

Experimental and control samples were analyzed blindly by TA 
Instruments. New castle, DE. The instrument was a 2050 TO A, V 5.3 B. 

2 5 The module was a TGA I OCX) °C A platinum pan was used to handle each 

sample of size 3.5-3.75 g. The method was TG MS. The heating rate was 
10 °C/min. The carrier gas to the mass spectrometer (MS) was nitrogen 
gas at a rate of 100 ml/min. The sampling rate was 2.0 sec/pt. 

30 13.12/3 Results and Discussion 

The stacked TGA results of 1.) the reference comprising 99.999% 
KNO, (TGA/DTA sample #1) 2.) crystals from the yellow-white crystals 
that formed on the outer edge of a crystallization dish from the acidified 

3 5 electrolyte of the K 7 CO, Thermacore Electrolytic Cell (TGA/DTA sample 

#2) are shown in FIGURE 75. The identifiable peaks of each TGA run are 
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indicated. For the control, features were observed at 656 C C (65 mins.) 
and 752 °C (72.5 inins.). These feature were also observed for sample tf2. 
In addition, sample #2 contained novel features at 465 °C (45.5 mins.), 
708 °C {68 mins.), and 759 C C (75 mins.) .which are indicated in FIGURE 
75. 

The stacked DTA results of I.) the reference (TGA/DTA sample ffl) 
2.) TGA/DTA sample 82 are shown in FIGURE 76. The identifiable peaks 
of each DTA run are indicated. For the control, features were observed at 
136 *C. 337 *C, 723 «C\ 900 °C, and 972 *C. The 136 °C and 337 °C features 
were also observed for sample h2. However, for temperatures above 333 
°C. a novel differentia} thermogram was obscived for sample #2. Novel 
features appeared ai 692 °C, 854 °C. ami 957 *C which are indicated in 
FIGURE 76. 

Tire novel TGA and DTA peaks wilhoul identifying assignment 
correspond to and identify hydrino hydride compounds, according to the 
present invention. 

13.13 I dentificatio n of Hydrjnb_Hyi^ Nuclear 
Mae neiic Res onance (NMR) Spectroscopy 
20 

' K NMR can distinguish whether a new potassium compound is 
present ns a component of a mixture wjth a knovvn compound based on a 
different chemical shift of the new compound relative to that of the 
known. In the event that 39 K exchange occurs, a chemical shift of the "K 

2 5 NMR peak will be observed which is intermediate between thai of the 

standard and the compound of interest. Hydrino hydride compounds 
have been obscived by methods such as XPS. mass spectroscopy, and 
TOFS1MS as described in the corresponding sections. In the case of the 
electrolytic cell, the electrolyte was pure KXO>. Thus, the possibility of 

3 0 using 19 /r NMR was explored to identify potassium hydrino hydride 

formed duiing the operation of the electrolytic hydiino hydride reactor. 
Identification was based on a * 9 K NMR chemical shift relative to that of 
the starting material K 2 CO y . 



I 0 



13.13.1 Sample Collection and Preparation 
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A rcaclion for preparing potassium hydiino hydride iun containing 
compounds is given by Eqs. (3-5) and Oq. (8). Hydrino atoms which react 
to form hydrino hydride ions may be produced by an /C 7 C(7, electrolytic 
cell hydride reactor which was used to prepare crystal samples for 39 K 
NMR spectroscopy. The hydrino hydride compounds wcie collected 
directly. 

Sample JM. The sample was prepared by concentrating 300 cc of 
the K 7 CO> electrolyte from the BLP Electrolytic Cell using a rotary 
evaporator at 50 °C until a precipitate just formed. The volume was 
about 50 cc. Additional electrolyte was added while heating at 50 °C 
until the crystals disappeared. Crystals were then grown over three 
weeks T>y allowing the saturated solution to stand in a scaled round 
bottom flask for three weeks at 25*C. The yield was 1 g. XPS (XPS 
sample #7), TOFSIMS (TOFSIMS sample tf8), Raman spectroscopy (Raman 
sample and ES1TOFMS (ES1TOFMS sample !f3) were also obtained. 

Sample 112. A reference compiiscd 99.999% K 7 CO % . 

13.13.2 ,9 X Nuclear Magnetic Resonance (NMR) Spectroscopy 

Samples were sent to Spectral Data Services. Champaign. Illinois. 
n K NMR was performed in D 7 0 solution on a Tccmag 360- J instrument. 
Final pulse generation was from a ATM amplifier. The - $ K NMR 
frequency was 16.9543 MHz. A 35/rsec pulse corresponding 10 a 45° 
pulse length and a 1 second recycle delay were used. The window was 
llA/y>. The number of scans was 100. Chemical shifts were referenced to 
KBr(D y ) at 0.00 ppm. The offset was -150.4 H?.. 

13.13 3 Results and Discussion 

A single intense NMR peak was observed in the spectra of 
sample #1 and sample #2. The results are given in TABLE 43 with 
peak assignments. A *K NMR chemical shift was observed for 
sample ill relative to the starling material, sample ft2 which was 
significant compared to typical 19 K NMR chemical shifts. The 
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presence of one peak in the spectrum of sample HI indicates that 
exchange occurred. To provide the observed peak shift, a new 
potassium compound was present. The 39 /C NMR chemical shift 
corresponds to and identifies potassium hydrino hydride, according 
10 the present invention. The assignment of potassium hydrino 
hydride compounds was confirmed by XPS (XPS sample «7), TOFS1MS 
(TOPS IMS sample 1/8), Raman spectroscopy (Raman sample ft4), mass 
spectroscopy (FIGURE 63), and ESITOFMS (ESITOFMS sample Hi) 
described in the corresponding sections. 

TABUi43. The i9 K NMR peaks of sample 41 and U2 with (heir 



Sample 


Shift 


Assignment 


Number 


(ppm) 




1 


-0.80 


K 2 CO } shilied by 






potassium hydfino 






hydiide compound 


2 


* 1 .24 
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CLAIMS 

1 A compound comprising 

(a) M least one neutral, positive, ot negative increased binding 
energy hydrogen species having a binding energy 

(i) greater than the binding energy of the corresponding 
ordinary hydrogen species, or 

(ii) greater than the binding energy of any hydrogen species 
for which the corresponding ordinary hydrogen species is unstable or is 
not observed because the ordinary hydrogen species' binding energy is 
less than thermal energies or is negative; and 

(b) at least one other element. 

2. A compound of claim 1 wherein the increased binding ener»y 

1 5 hydrogen species is selected from the group consisting or H m . //;. and //; 

where n is an integer from one to three. 

3. A compound of claim I wherein the increased binding energy 
hydrogen species is selected from the grotlp consisting of (a) hydride ion 
having a binding energy greater than about O.H cV; (b) hydrogen atom 
having a binding energy greater than about 13.6 eV; ( c ) hydros™ 
molecule having a first binding energy grater than about 15.5 eV. and (d) 
molecular hydrogen ion having a binding energy gicater than about 16 4 
eV. 

2 5 

4. A compound of claim 3. wherein the increased binding energy 
hydrogen spec.es is a hydride ion having a binding energy of about cither 
of 3. 7. ll. 17, 23, 29. 36. 43. 49. 55. 61, 66. 69. 71 or 72 eV. 

3 0 5. A compound of claim 4 wherein the increased binding energy 

hydrogen species is a hydride ion hav, ng the binding energy: 



20 



Dinttmg Energy * '> _ W**' 



1 + 

I 



r VsIt V l) j' 
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where p is an integer greaicr than one, 5^1/2, jt is pi, h is Planck's 
constant bar, //^ is the permeability of vacuum, m r is the mass of ihc 
electron, is the reduced electron mass, a v is die Bohr radius, and e is 
ihc elementary charge. 



10 



1 5 



6. A compound of claim ! wherein ihe increased binding energy 
hydrogen species is selected from die group consisting of 

13.6 eV 



(a) a hydrogen atom having a binding energy of about 



(-:)' 



where p is an integer, 

(b) an increased binding energy hydride ion (H') having a binding 



energy of about 







I t 
















p 








where 



.v^J/*2. k is pi, h is Planck's constant bar, f i n is the permeability of 
vacuum, m t is ihe mass of die electron, n r is (he reduced electron mass. a m 
is the Bohr radius, and c is the clcmentaiy charge: 

(c) an increased binding energy hydiogcn species //,*(!/ p); 

(d) an increased binding energy hydrogen species irihydrino 
molecular ion, ir } {\/p) t having a binclmg energy of about —~^V where p 

is an integer, 

(e) an increased binding energy hydrogen molecule having a 



2 0 binding energy of about 



15.5 



eV ; and 



(0 an increased binding energy hydrogen molecumr ion with a 



binding energy of about 



16.4 

W 



7. 

2 5 



A compound of claim 6 wherein p is from 2 to 200. 
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8. A compound or claim I which is greater than 50 atomic percent 
pure. 

9. A compound of claim 8 which is greater than 90 Atomic percent 
5 pure. 

10. A compound of claim 9 which is greater than 98 atomic percent 
pure. 

10 11. A compound of claim 1 wheiein sajd increased binding energy 
hydrogen species is negative. 



12. "A compound of claim 11 comprising ai least one cation. 



15 13. 



A compound of claim 12 wherein the cation is a proton, //;(!/ p). 



//;(*//>). or //; 
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14. A compound of claim 1 wherein the other element is an ordinary 
hydrogen atom or an ordinary hydrogen molecule. 

15. A compound of claim 3 having a formula selected from the group of 
formulae consisting of MM. MM 2t and M 2 H? wherein M is an alkali cation 
and II is selected from the group consisting of an increased binding 
energy hydride ion and an increased binding energy hydrogen atom. 

16. A compound of claim 3 having a formula MH n wherein n is J or 2, 
M is an alkaline earth cation and H is selected from the group consisting 
of said increased binding energy hydride ion and said increased binding 
energy hydrogen atom. 



30 



17. A compound of claim 3 having a formula MUX wherein M is an 
alkali cation, X is one of a neutral atom, a molecule, or a singly negatively 
charged anion, and H is selected from the group consisting of said 
increased binding energy hydride ion and said increased binding energy 
3 5 hydrogen atom. 
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18. A compound of claim 3 having a formula MUX wherein M is an 
alkaline eanh caiion, X is a single negatively charged anion, and H is 
selected from the group consisting of said increased binding energy 

5 hydride ion and said increased binding energy hydrogen atom. 

19. A compound of claim 3 having a formula MUX wherein M is an 
alkaline earth cation, X is a doubly negatively charged anion, and H is 
said increased binding energy hydrogen atom. 



10 
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20. A compound of claim 3 having a formula M 2 HX wherein M is an 
alkali cation. X is a singly negatively charged anion, and H is selected 
from rhe group consisting of an increased binding energy hydride ion and 
an increased binding energy hydrogen atom. 

21. A compound of claim 1 having a formula MH fl wherein n is an 
integer from 1 to 5, M is nn alkaline cation and the hydrogen content )\ n 
of the compound comprises at leas! one said increased binding energy 
hydrogen species*. 

22. A compound of claim 1 having a formula M?H n wherein n is an 
integer from I to 4, M is an alkaline earth cation and the hydrogen 
content M n of the compound comprises at least one said increased binding 
energy hydrogen species. 

23. A compound of claim 1 having a formula M 2 Xll n wherein n is an 
integer from I to 3, M is an alkaline earth cation, X is a singly negatively 
charged anion, and the hydrogen content H ft of the compound comprises 
at least one said increased binding energy hydrogen species. 

24. A compound of claim 1 having a formula M ? X 2 H n wherein n is I or 
2, M is an alkaline earth cation, X is a singly negatively charged anion, 
and the hydrogen content H n of the compound comprises at least one said 
increased binding energy hydrogen species. 

25. A compound of claim 1 having a formula M 2 X*H wherein M is an 
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alkaline earlh cation. X is a singly negatively charged anion, and H is 
selected from the group consisting of an increased binding energy 
hydride ion and an increased binding energy hydrogen atom. 

5 26. A compound of claim I having a formula M 2 XH„ wherein n is 1 or 2. 
M is an alkaline earth cation, X is a double negatively charged anion, and 
the hydrogen content H. of the compound comprises at least one said 
increased binding energy hydrogen species. 

10 27. A compound of claim 3 having a formula M,XX*H wherein M is an 

alkaline earth cation. X is a singly negatively charged anion, X' is a double 
negatively charged anion, and H is selected from the group consisting of 
an increased binding energy hydride ion and an increased binding energy 
hydrogen atom. 



} 5 
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28. A compound of claim I having a formula MM'}?* wherein n is an 
integer from 1 to 3. M is an alkaline earth cation. M" is an alkali metal 
canon and the hydrogen content H n of the compound comprises at least 
one said increased binding energy hydrogen species. 

29. A compound of claim I having a formula MM*XH n wherein n is 1 or 
2, M is an alkaline earth cation, M' is an alkali metal cation. X is a singly 
negatively charged anion and the hydrogen content H n of ihc compound 
comprises at least one said increased binding energy hydrogen species. 



30. A compound of claim 3 having a formula MM'XH wherein M is an 
alkaline earlh caiion, M* is an alkali metal cation. X is a double negatively 
charged anion and H is selected from the group consisting of an increased 
binding energy hydride ion and an increased binding energy hydrogen 
3 0 atom. 

3 1. A compound of claim 3 having a formula MM'XX'H wherein M is an 
alkaline earth cation, M' is an alkali metal cation, X and X* are singly 
negatively charged anion and H is selected from the group consisting of 
3 5 an increased binding energy hydride ion and an increased binding energy 
hydrogen atom. 
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32. A compound of claim I having a formula H n S wherein n is 1 or 2 
and the hydrogen content H n of the compound comprises at least one said 
increased binding energy hydrogen species. 

5 

33 A compound of claim i having a formula MXX'H n wherein 
n is an integer from J to 5, 
M is an alkali or alkaline earth cation, 
X is a singly or double negatively charged anion, 
10 X* is selected from the group consisting of Si, Al. Ni. a 

transition element, an inner transition element, and a rare eanh element, 

a n d 

the hydrogen content H B of die compound comprises at least 
•* one said increased binding energy hydrogen species. 

15 

34. A compound of claim 1 having a formula MAIH n wherein n is an 
integer from 1 to 6, M is an alkali or alkaline caith cation and (he 
hydrogen content H n of che compound comprises at least one said 
increased binding energy hydrogen species. 

20 

35. A compound of claim I having a formula MH n wherein 

n is an integer from 1 to 6, 

M is selected from a group consisting of a transition element, 
an inner transition clement, a rare earth clement, and Ni, and 
25 lhe hydrogen content ll n of the compound comprises at least 

one said increased binding energy hydrogen species. 

36. A compound of claim 1 having a formula MNiH„ wherein 

n is an integer from I to 6, 
30 M is selected from a group consisting of an alkali cation, 

alkaline eanh cation, silicon, and aluminum, and 

the hydrogen content H n of the compound comprises at least 
one said increased binding energy hydrogen species. 

3 5 37. A compound of claim 1 having a formula MXH n wherein 
n is an integer from 1 to 6. 
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M is selected from a group consisting of an alkali cation, 
alkaline earth cation, silicon, or aluminum, 

X is selected from a group consisting of a transition element, 
inner transition element, and a rare earth clement cation, and 
5 the hydrogen content ll n of the compound comprises at least 

one said increased binding energy hydrogen species. 

38. A compound of claim 1 or 2 having a formula MXA1X'H 0 wherein n 
is I or 2, M is an alkali or alkaline earth cation, X and X* are either a 

1 0 singly negatively charged anion or a double negatively charged anion, 
and the hydrogen content H ft of the compound comprises at least one 
increased binding energy hydrogen species. 

39. A compound of claim 1 having a formula TiH n wherein n is an 

1 5 integer from I to 4, and the hydrogen content M n of the compound 

comprises at least one said increased binding energy hydrogen species. 

40. A compound of claim I having a formula A1 ? H„ wherein n is an 
integer from ! to 4, and the hydrogen content H n of the compound 

2 0 comprises at least one said increased binding energy hydrogen species. 

41. A compound of claim 17, 18, 20, 23, 24. 25. 27. 29. 31, 33, or 38 
wherein said singly negatively charged anion is selected from the group 
consisting of a halogen ion, a hydroxide ion, a hydrogen carbonate ion. 

2 5 and a nitrate ion. 

42. A compound of claim 19, 26, 27, 30, 33, or 38 wherein said doubly 
negative charged anion is selected from the group consisting of a 
carbonate ion. an oxide, and a sulfate ion. 



30 



43. A compound of claim I having a formula \Kll m KCO } ) H wherein m and 
n arc each an integer and the hydrogen content }\ m of the compound 
comprises at least one said increased binding energy hydrogen species. 

3 5 44. A compound of claim 1 having a formula \KH m KNO t l nX ~ wherein m 
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and n arc each an integer, X is a singly negatively charged anion, and the 
hydrogen content //„ of the compound comprises at least one said 
increased binding energy hydrogen species. 

4 5. A compound of claim 1 having a formula [KUKNO^ wherein n is an 
integer and the hydrogen content // of the compound comprises at least 
one said increased binding energy hydrogen species. 

16. A compound of claim 1 having a formula \KHKOH\ wherein n is an 
integer and the hydrogen content // of the compound comprises at least 
one said increased binding energy hydrogen species. 

47. A compound of claim 1 having a formula [un m Af X\ wherein n, and 
n are each an integer. M and JVT are each an alkali or alkaline earth 
cation. X is a singly or double negatively charged anion, and the hydro»en 
content //„ of the compound comprises at least one said increased binding 
energy hydrogen species. 

48. A compound of claim I having a formula \MU„trx)' ttX - wherein m 
2 0 and n are each an integer. M and M" are each an alkal, or a)kaIinc carm 

cation. X and X' are a singly or double negatively charged anion, and the 
hydrogen content //„ of , hc compound comprises at leas, one said 
increased binding energy hydrogen species. 

2 5 49. A compound of claim 44. 47. or 48 wherein said singly negatively 

charged anion is selected from the group consisting of halogen ion 
hydroxide ,on. hydrogen carbonate ion, and nitrate ion. 

50. A compound of claim 47 or 48 wherein said doubly neoative 

3 0 charged anion ,s selected from the group consisting-of carbonate ion 

oxide, and sulfate ion. 



3 5 



51. A compound of claim I having a formula MXSiX'H 0 wherein n is 1 
or 2. M is an alkali or alkaline earth cation. X and X" arc cither a singly 
negat.vely charged anion or a double negatively charged anion, and the 
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hydrogen content H„ of ihc compound comprises at least one said 
increased binding energy hydrogen species. 

52. A compound of claim I having a formula MSi!l„ wherein n is an 
5 integer from I to 6, M is an alkali or alkaline earth cation, and the 

hydrogen content H„ of the compound comprises at least one said 
increased binding energy hydrogen species. 

53. A compound of claim 1 having a formula Si n H 4n wherein n is an 

10 integer and the hydrogen content H 4n of the compound comprises at least 
one said increased binding energy hydrogen species. 

54. A compound of claim I having a formula Si n H 3() wherein n is an 
integer and the hydrogen content H 3o of the compound comprises at least 

1 5 one said increased binding energy hydrogen species. 

55. A compound of claim I having a formula Si^O,* wherein n and m 
are integers and the hydrogen content H 3n of the compound comprises at 
least one said increased binding energy hydrogen species 

2 0 

56. A compound of claim I having a formula S.,//„.,,0>, wherein x and y 
are each an in.eger and the hydjogen content H 4j . 3y of the compound 
comprises at least one said increased binding energy hydrogen species. 

2 5 57. A compound of claim 1 having a formula Si,H, t O ; wherein x and y 

are each an integer and the hydrogen content H«, of the compound 
comprises at least one said increased binding energy hydrogen species. 

58. A compound of claim I having a formula Si,H 4 . H } 0 wherein n is an 

3 0 integer and the hydrogen content H, n of the compound comprises at least 

one said increased binding energy hydrogen species. 

59. A compound of claim I having a formula S.„«,.. 2 wherein n is an 
integer and the hydrogen content H 2n+2 of the compound comprises at 

3 5 least one said increased binding energy hydrogen species. 
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60. A compound of claim I having a formula 6i,/i,, o 0. wherein x and y 
arc each an integer and ihc hydrogen content H 7xtl of the compound 
comprises at least one said increased binding energy hydrogen species. 

5 61. A compound of claim 1 having a formula Sijf.„_ : 0 wherein n is an 
integer and the hydrogen content H<„. ? of the compound comprises at 
least one said increased binding energy hydrogen species. 

62. A compound of claim 1 having a formula MSi,.H l0 „O„ wherein n is an 

1 0 integer, M is an alkali or alkaline eanh canon, and the hydrogen content 

Hio„ of the compound comprises at least one increased binding energy 
hydrogen species. 

63. A compound of claim 1 having a formula MSi,J!, 0 ,O^ wherein n is 
15 an integer, M is an alkali or alkaline earth cation, and the hydrogen 

content H 10n of the compound comprises at least one said increased 
binding energy hydrogen species. 

64. A compound of claim I having a formula M„SiJl„O p wherein q. n. m. 

2 0 and p arc integers, M ,s an alkali or alkaline earth cation, and the 

hydrogen content ll m of ihe compound comprises at least one said 
increased binding energy hydiogen species. 

65. A compound of claim I having a formula M q SiJ1 m wherein q, n, and 

2 5 m are integers, M is an alkali or alkaline earth cation, and ihe hydrogen 

content !l m of the compound comprises at least one said increased binding 
energy hydrogen species. 

66. A compound of claim I having a formula Si„H„O r wherein n. in. and 

3 0 p are integers, and ihe hydrogen content H m of the compound comprises 

at least one said increased binding energy hydtogen species. 

67. A compound of claim I having a formula 5iJ1 m wherein n. and m 
are integers, and .he hydrogen content H. of the compound comprises at 

3 5 least one said increased binding energy hydrogen species. 
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68. A compound of claim I having a foimula MSiH. wherein n is an 
integer from 1 ro 8, M is an alkali or alkaline earth ca.ion. and .he 
hydrogen contcni li„ of the compound comprises at least one sa.d 
increased binding energy hydrogen species. 

5 

69. A compound of claim I having a formula Si 2 H n wherein n is an 
integer from 1 to 8. and the hydrogen content H„ of the compound 
comprises at least one increased binding energy hydrogen species. 

10 70. A compound of claim I having a formula SiH„ wherein n is an 
mlcger from 1 to 8. and the hydrogen content H„ of the compound 
comprises at leas, one increased binding energy hydrogen species. 

71. A compound of claim I having a formula S.0 2 H„ wherein n is an 
) 5 mtcger from I lo 6. and the hydrogen content H„ of .he. compound 

compnses at least one said increased binding energy hydrogen species. 

72. A compound of claim I hav m >. a formula MSiO,fl n wherein „ is an 
mtcger from 1 to 6 : M is an alkah or alkaline, earth cation, and the 

2 0 hydrogen content M„ of the compound comprises a. least one said 
increased binding energy hydrogen species 

73. A compound of claim I having a formula MSi,H n wherein „ is an 
integer from I to 14, M ,s an alkai, or alkaline earth canon, and the 

2 5 hydrogen content H„ of the compound compnses at. least one said 

increased binding energy hydrogen species. 

74. A compound of claim I having a formula M,SiH r wherein n is an 
integer from I to 8. M is an alkah or alkaline earth cation, and the 

3 0 hydrogen content H„ of the compound comprises a. leas, one said 

increased -binding energy hydrogen species. 

75. A compound of claim 51 wherein sa,d s.ngly negatively charged 
anion ,s selected from .he group consisting of a halogen ion, a hydroxide 

3 5 ion, a hydrogen carbonate ion. and a nitra.e ion. 
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76. A compound of claim 51 wherein said doubly negative charged 
anion is selected from ihe group cons.sting of a carbonate ion, an oxide, 
and a sulfate ion. 

5 77. A compound of claim 1 having an observed characterise different 
from that of the corresponding ordinary compound wherein the hydrogen 
content is only ordinary hydrogen, said observed characteristic beins 
dependent on ihe increased binding energy hydrogen species. 

1 0 78. A compound of claim 77 wherein the obsetved characteristic is 
at least one of stoichiometry, thermal stability, and reactivity. 

79. A method for preparing a compound comprising 

(a) at least one neutral, positive, or negative mc.ca.sed binding 

1 5 energy hydrogen species having a binding energy 

(i) greater than the binding energy of the corresponds 
ordinary hydrogen species, or 

(ii) sreatet than the binding eneigy of any hydrogen species 
for which the correspond.^ ordinary hydrogen spec.es , s unstable or is 

2 0 not observed because the ordinary hydrogen species" binding energy ,s 

less than thermal energies or is negative; and 

(b) at least one other element, 
said method comprising: 

(a) reacting atomic hydrogen with a catalyst having a net 
2 5 enthalpy of rcac.on of a. least m/2-27 eV, where m is an integer, to 

produce atomic hydrogen having a binding energy of about where 

p is an integer greater than I. 

(b) reacting said produced atomic hydrogen with an electron 
to produce a hydride ion having a binding energy 2rcaler , h:ll) 08 eV 

30 and 

(c) reacting said produced hydride ion with one oi more 
cations, thereby producing said compound. 

80. A method of claim 79 wherein m is from 2 to 400 and p is from 2 
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to 200. 

81. A method of preparing increased binding energy hydrogen 
molecules comprising reading protons wiih a compound comprising an 

5 increased binding energy hydride ion. 

82. A method of preparing increased binding energy hydrogen 
molecules comprising thermally or chemically decomposing a compound 
comprising an increased binding energy hydride ion. 



10 



I 5 



20 



30 



35 



8 3. A method of claim 79 wherein step (b) occurs in an electrolytic ceil 
having a cathode and a reducing reagent for reducing said produced 
atomic- hydrogen, and step (b) comprises contacting said produced atomic 
hydrogen with said cathode or said reducing reagent. 

84. A method of claim 79 wherein step (b) occurs in a gas cell 
containing a reducing icageni for reducing said produced atomic 
hydrogen, and step (b) comprises contacting said produced atomic 
hydrogen with said reducing reagent. 



85. A method of claim 79 wherein step (b) occurs in a gas discharge cell 
having a cathode, plasma electrons, and a reducing reagent for reducing 
said produced atomic hydrogen, and s;ep (b) compiiscs contacting said 
produced atomic hydrogen with said cathode, said reducing icageni. or 

2 5 said plasma electrons. 

86. A method of claim 83, 84, or 85 wherein said reducing reagent is 
selected from the group consisting of the material of the cell, components 
of the cell, or a reductant extraneous to the operation of the cell. 



87. A method of claim 79 wherein step (c) occurs in an electrolytic cell 
and the cation is an oxidized species of the cell cathode or anode, a cation 
of an added reductant extraneous to the cell, or a cation of the electrolyte 
in the cell. 

88. A method of claim 87 wherein the canon of the electrolyte is a 
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cnlion of the catalyst. 

89. A method of claim 79 wherein step (c) occurs in a gas cell and ihe 
cation is an oxiducd species of the materia] of the cell, a cation of a 

5 molecular hydrogen dissociation materia! which produces the atomic 
hydrogen in the cell, a cation of an added rcductant extraneous to the 
cell, or a cation of the catalyst in the cell. 

90. A method of claim 79 wherein step (c) occurs in a gas discharge cell 
1 0 and the cation is an oxidized species of the material of the eel) cathode or 

anode, a cation of an added reductanl extraneous to the cell, or a cation of 
the catalyst in the ceil. 

91. A method of claim 79 wherein step (c) occurs in a plasma torch cell 

1 5 and the cation is an oxidized species of the material of the cell, a cation of 

an added reduemm extraneous to the cell, or a cation of the catalyst in 
the cell. 

92. A dopant comprising 

20 31 lea *« one neutral, positive, or negative increased binding 

energy hydrogen species and 

at least one other element. 

93. A thermionic cathode doped with an increased binding energy 

2 5 hydrogen compound, said doped thermionic cathode having a voltage 

different from the undoped cathode starting material. 

94. A doped thermionic cathode of claim 93 having a higher voltaic 
than the undoped cathode starting material. 

3 0 

95. A doped thermionic cathode of claim 93 wherein the undoped 
caihodc starting material is a metal. 

96. A doped thermionic cathode of claim 93 wherein the undoped 
3 5 cathode starting material is tungsten, molybdenum, or oxide thereof. 
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97. A doped thermionic cathode of claim 93 wherein the compound 
comprises increased binding energy hydride ion. 

98. A doped thermionic cathode of claim 95 wherein the metal has 
5 been doped with increased binding energy hydride ions by ion 

implantation, epitaxy, oi vacuum deposition to form the thermionic 
cathode. 

99. A semiconductor doped with an increased binding energy hydrogen 

1 0 compound, said semiconductor having an altered band gap relative to the 

undoped semiconductor starting material. 

100. A doped semiconductor of claim 99 wherein the undoped starting 
material is an ordinary semiconductor, an ordinary doped semiconductor. 

15 or an ordinary dopant. 

101. A doped semiconductor of claim 100 wherein the semiconductor, 
ordinary doped semiconductor, or dopant starting material is selected 
from the group consisting of silicon, germanium, gallium, indium, arsenic, 

2 0 phosphorous, antimony, boron, aluminum. Group 111 elements. Group IV 

elements, and Group V elements. 

102. A doped semiconductor of claim 101 wherein the dopant or dopant 
component comprises an increased binding energy hydride ion 

2 5 

103. A doped semiconductor of claim 101 wherein the semiconductor or 
dopant starting material has been doped with increased binding energy 
hydride ions by ion implantation, epitaxy, or vacuum deposition. 

3 0 104. A compound comprising 

at least one increased binding energy hydride ion with a 
binding energy of about 0.65 eV and 
at least one other element. 

3 5 105. A method for preparing an increased binding energy hydrogen 
compound comprising a hydride ion having a binding energy of about 
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0.65 cY\ the method comprising the steps or: 

supplying increased binding energy hydrogen atoms, 
reading said hydrogen atoms with a first rcductanl, thereby 
forming at least one stable hydride ion having a binding energy greater 
5 than 0.8 cV and at least one non-reactive atomic hydrogen. 

collecting the non- reactive atomic hydrogen, and reacting the iton^ 
reactive atomic hydrogen with a second rcductanl, thereby forming 
stable hydride ions having a binding energy of about 0.65 eV; and 
reacting said produced hydride ion with one or more cations, thereby 
10 producing said compound. 

5 06. A method of claim 105 wherein the first rcductanl has a high work 
function or a positive free energy of reaction with the non-reactive 

atomic hydrogen. 

1 5 

107. A method of claim 105 wherein the first rcductanl is a metal, other 
than an alkali or alkaline earth metal. 

108. A method of claim 107 wherein the metal is tungsten. 

109. A method of claim 105 wherein the second reduciam comprises an 
alkali or alkaline earth metal. 

110. A method of claim 105 wherein the second rcductanl comprises a 
25 plasma. 

111. A method for Ihc explosive release of energy comprising reacting 
an increased binding energy hydrogen compound comprising a hydride 
ion having a binding energy 0 f about 0.65 eV with a proton, thereby 

3 0 producing a molecular hydrogen having a first bindine energy 0 f about 
8,928 eV. 

112. A method of claim Ml wherein the proton is supplied by an acid or 
a super-acid. 

35 

113. A method of claim 1 12 wherein the acid or super acid is selected 
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from ihe group consisting of HF. HCI. H 2 SO*. HNO,, the reaction product of 
HF and SbF s , ihe reaction product of HCI and AI ? CI 6r the reaction product 
of H?S0 3 F and SbF 5r or the reaction product of H*S0 4 and SO,, and 
combinations thereof. 

5 

114. A method of claim 112 wherein ihe reaction is initiated by rapid 
mixing of the compound with the acid or super acid. 

115. A method of claim M4 wherein ihe rapid mixing is achieved by 

J 0 detonation of a conventional explosive proximal to the compound and the 
acid or super-acid. 

116. -A method for the explosive release of energy comprising thermally 
decomposing an increased binding energy hydrogen compound 

15 comprising a hydride ion having a binding energy of about 0.65 eV, 

thereby producing a hydrogen molecule having a first bindine energy of 
about 8,928 eV. 

117. A method of claim 116 wherein the step of thermally decomposing 
2 0 is achieved by detonating a conventional explosive proximal to the 

compound. 



25 
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118. A method of claim 115 wherein the step of thermally decomposing 
is achieved by percussion heating of the compound. 

119. A method of claim 117 wherein the percussion heating is achieved 
by colliding a projectile tipped with the compound under conditions 
resulting in detonation upon impact. 



120. A method of releasing energy comprising thermally decomposing or 
chemically reacting at least one of the following reacinnts 

(1) increased binding energy hydrogen compound; 

(2) increased binding energy hydrogen atom; and 

(3) increased binding energy hydrogen molecule 
3 5 thereby producing at least one of 

(a) an increased binding energy hydrogen compound with a 
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different sioichiomeiry than a rcactant increased binding energy 
hydrogen compound, 

(b) an increased binding energy hydrogen compound having 
the same stoichiomctry as a rcactant increased binding energy hydrogen 

5 compound, but comprising one or more increased binding energy species 
that have a higher binding energy than the corresponding species of the 
rcaciant(s), 

(c) an increased binding energy hydrogen atom, 

(d) an increased binding energy hydrogen molecule having a 
!0 higher binding energy than a rcactant increased binding energy 

hydrogen molecule, or 

(e) an increased binding energy hydrogen atom having a 
higher, binding energy than the rcactant increased binding energy 
hydrogen atom. 



1 5 



12 1. A reactor for preparing a compound comprising 

(a> at least one neutral, positive, or negative increased binding 
energy hydrogen species having a binding energy 

(i) greater than the binding energy of the corresponding 
2 0 ordinary hydrogen species, or 

(n) greater than the binding energy of any hydrogen species 
for which the corresponding ordinary hydrogen species is unstable or is 
not observed because the ordinary hydrogen species' binding energy is 
less than thermal energies or is negative; and 

2 5 (b) at least one other element, 

said reactor comprising: 
a vessel containing 

an electron source and 

a source of increased binding energy hydrogen atoms having 

3 0 a binding energy of about where p is an integer greater than if 

\P) 

whereby electrons from said electron source react with increased 
binding energy hydrogen atoms from said source in said vessel thereby 
producing said compounds. 
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122. A reactor of claim 121 wherein the increased binding energy 
hydrogen species is a hydride ion having a binding energy greater than 
about 0.8 eV. 

5 123. A reactor of claim 121 or 122 wherein said source of increased 

binding energy hydrogen atoms is a hydrogen catalysis cell selected from 
a group consisting of an electrolytic cell, a gas cell, a gas discharge cell, 
and a plasma torch cell. 

10 124. A reactor of claim 123 wherein said hydrogen catalysis celt 
comprises 

a second vessel containing 

a source of atomic hydrogen; 

at least one of a solid, molten, liquid, or gaseous catalyst 
15 having a net enthalpy of reaction of at least m/2»27 cV, where in is an 
integer, 

whereby the hydrogen atoms icaci with the catalyst in the second 
vessel thereby producing a hydrogen atom having a bindinp energy of 
about "TJST wberc !> an integer greater than 1. 

20 

125. A battery comprising 

a cathode and a cathode compartment containing as an 
oxidant a compound comprising at least one neutral, positive, or negative 
increased binding energy hydrogen species, and at least one other 
2 5 element; 

an anode and an anode compartment containing a rcdnctam; 

and 



30 



a salt bridge completing a circuit between the cathode 
compartment and the anode compartment. 

126. A battery according to claim 125 wherein the increased binding 
energy hydrogen species comprises an increased binding energy hydride 
ion. 
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127. A battery of claim 126 wherein said oxidant comprises ;> caiion M*\ 
where n is an integer, bound to at least one increased binding energy 
hydride ion such that the binding energy of the cation M {n ^ is less than 
the binding energy of the increased binding energy hydride ion. 

128. A battery of claim 126 wherein said oxidant comprises a cation and 
an increased binding energy hydride ion selected such thai the hydride 
ion is not oxidized by the cation. 



10 129. A battery of claim 126 wherein said oxidant is represented by the 
formula AT* // j wherein M n% is a caiion and n is an integer, and 

" (/>) rCI>rcSCn1s Mi incrcasc< * binding energy hydride ion where p is an 

integer greater than 1 and where hydride ion is selected such thru its 
binding energy is greater than the binding energy of the caiion M {n ~ x) \ 

1 S 

130. A battery of claim 128 wherein said oxidant comprises a stable 
cation-hydride ion compound, wherein the reduction potentiat of the 
cathode half leaclion of the battery is determined by the binding 
energies of the cation and the hydride ion of the oxidam. 

20 

13 1. A battery of claim 130 wherein said oxidant is an increased binding 
energy hydrogen compound comprising an increased binding energy 
hydrogen molecular ion bound to an increased binding energy hydride 
ion where the hydride ion is selected such that its binding energy is 

2 5 greater than the binding energy of the reduced increased binding energy 

hydrogen molecular ion. 



132. A battery of claim 131 wherein said oxidant is the compound 



represented by the formula //* 



2c 



where H] 



2<=^ 

P 

30 represents a hydrogen molecular ion and H'{\f p) represents an 

increased binding energy hydride ion where p is 2 and // is selected 
from the group consisting of 13, 14, 15. 16, 17, 18, or 19. 
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//> (// wheic /> is from ll i 0 20. 

] rXr(u7 y ? C ' aim 7° Wherem SaHl ox,dar " ,,as ,he fo -»' a 

r<f l" CO')), ^'icfc /, )S from 1 I to 20. 

135. A battery of claim 126 wherein the increased binding eneroy 
hydr.de 10 n completes .be circuit during ,be battcry operation by 

77, fr °' n ' hC Ca,h ° dc ^ P—en, ,o the anode compartment 
through the sail bridge. ^ 1 

136. A battery of claim 126 wherein the silt Kruio-. ^ 

„„„ - f Inc sal! WMlgc comprises at least 

one of an anion conducting membrane or an anion conductor. 

137 A battery of claim 136 wherein the sah bridge is formprf fro 
earth bondc *f tf, where Af 1S an alkaline earth. 

138. A battery of claim ,26 wherem the cathode compartment contains 

edTc,:: ; x ; dam and ,hc anodc — « - ««r 

o h Ul"; Capab ' C ° f migra,,n " f '°'" ,hc »«* compartment 

139. A battery of claim 138 wherein the ion c^hU ~f • - " . 
•ncreased binding energy hydr.de ion " ^ °' ,n,gn> " n8 * $ "* 

MO. A bauery of claim ,38 wherein the oxidant compound is capable of 
beng generated by the application of a voltage ,o the battery. 

Ml. A battery of clann 140 wherein the voltage is from obout one volt 
to about 100 volts per cell. 

M2. A bnttery of claim 138 where.,, the oxidon, i s rcprcsenJed by , he 
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formula M~ li ^ j where is an increased binding energy hydride 

ion where p is an integer greater than 1 and AT* is a cation selected such 
rhat the n th ionization energy /T of formation of the cation from 
ihe cation rf mml} \ where « is an integer, is less than the binding energy 0 f 
5 the hydride ion. 

143. A battery of claim 138 wherein the reduced oxidant is iron metal, 
and the oxiditcd rcductanl comprising the increased binding energy 
hydride ion is potassium hydride (*Vr(l //,)), where W^ij represents 

10 said hydride ion where p is an integer greater than I. 

144. A battery of claim 140 wherein the reduced oxidant is ( Fe) which 
goes to ihe oxidation state (/V) to form the oxidant iFe" {H m {n = lf p)) ) 

where //^ij is an increased binding energy hydride ion where p is an 

15 integer from 11 to 20. ihe oxidized reductant is (JT) which goes to the 
oxidation state ( K) to form ihe xeductant potassium metal, and ihe 
hydride ion completes the circuit by migrating from the anode 
compaiimcni to the caihodc compartment through the sail bridge upon 
application of a proper voltage. 

2 0 

M5. A battery of. claim 126 wherein the cathode compartment functions 
as the cathode. 

146. A high voltage electrolytic celt for preparing increased binding 

2 5 energy hydrogen compounds, said cell comprising 

a vessel containing 
a cathode, 
an anode, 

an electrolyte having an increased binding energy hydride ion 

3 0 as an anion, and 

an electrolytic solution containing the electrolyte and in 
contact with the cathode and ihe anode. 
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147. A cell of claim 146 wherein .he increase,! binding energy hydrogen 
compounds produced by ,he cell are Zin.l phase s.l.cides or silancs and 
sa,d compounds are p.cpared without Ihe decomposition of the anion .he 
electrolyte, or the electrolytic solution. 

H8. A cell of claim 146 being capable of operating at a desired voltage 
w.thout decomposition of the increased binding energy hydride ion. 

149. A eel) of chnn, 146 wherein the increased binding energy hydrogen 
compounds produced comprise a cation AT\ where „ j $ an integer, and 
wherein the increased binding energy hydride ion //^-j, whcrc p is an 

integer greater than I, is selected such that its binding'encrgy is greater 
than tbe binding energy of the cation M 1 "''*' . 

150. A cell of Cam, ,46 wherein the increased binding energy hydrogen 
compounds produced comprise a cation formed a, a selected volume such 
.hat ihe n th ionization energy y/» 0 f , hc formation of ,he cation A/~ 
from «'-•»•. where is an integer, is less .ban the binding energy of tbe 
increased binding energy hydride ion where p , s an integer 
greater than L 

«51. A cell of claim 146 wherein .he increased binding energy hydrogen 
compounds produced comprise an increased binding energy hydride ion 
wh.cb ,s selected for a desired cation such that the hydride ion is not 
oxidized by the cation. 

152. A cell of claim 151 wherein the cation is either of lie 1 ' or Fe". and 
<he increased binding energy hydride ion is ,ffi) where p is from II to 
20. P 

153. A fuel cell comprising 

a source of oxidant, said oxidant comprising increased bindino 
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energy hydrogen atoms, 

a cathode contained in a cathode compartment in 

communication with the source of oxidant, 

an anode in an anode compartment, and 

a salt bridge completing a circuit between the cathode and 

anode compartments. 

154. A. cell of claim 153 wherein the increased binding energy hydrogen 
Moms react ,o form increased binding energy hydride ions as a cathode 
naff reaction. 

155 A cell of claim 153 wherein the source of oxidan, is an increased 
b.nd.ng energy hydrogen compound containing a. leas, one neutral 
po»l.vc. or negative increased binding energy hydrogen species and a. 
least one other clement. 

156. A cel. of claim. 155 wherein the increased binding energy hydrogen 
atoms are supplied ,o the cathode from the oxidant sonrce by thermally 
or chemically decomposing the increased binding energy hydrogen 
compounds. ° 

157. A cell of claim 153 wherein the source of oxidant is selected from a 
group cons.sting of electrolytic cel.. a gas cel.. , g „ discharge ccll> and 
a plasma torch cell. 

158. A cell of claim 155 wherein the increased binding energy hydrogen 
compounds comprise a cation where „ is an integer, bound to an 
increased binding energy hydride ion such that the binding energy of the 
"..on m " • is less than the binding energy of the increased binding 
energy hydride ion. - " 

159. A cel. of claim ,58 wherein the source of oxrdan, is an increased 
bmdmo energy hydrogen compound represented by the formula 

"~ "'(-J wherein A/"' is a cation. . is an integer, and reprcscnts 
an increased binding energy hydride ion where p is an integer greater 
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than I and where ihc hydride ion is selected such lhat its binding energy 
is greater Iban the binding energy of the cation M {n ' t} \ 

160. A cell of claim 153 wherein the cathode compartment is the 
5 cathode. 

161. A cell of claim 153 fimhcr comprising a fuel comprising increased 
binding energy hydrogen compounds. 

10 162. A method of separating isotopes of an element comprising: 

reacting an increased binding energy hydrogen species with 
an elemental isotopic mixture comprising an excess of a desired isotope 
with fespeci^io the increased binding energy hydrogen species to form a 
compound enriched in the desired isotope and comprising at least one 

1 5 increased binding energy hydrogen species, and 

purifying said compound enriched in the desired isotope. 

163. A method of separating isotopes of an element present in one more 
compounds comprising: 

2 0 reacting an increased binding energy hydrogen species wich 

compounds comprising an isotopic mixture which comprises an excess of 
a desired isotope with respect to the increased binding energy hydrogen 
species to form a compound enriched in the desired isotope and 
comprising at least one increased binding energy hydrogen species, and 

2 5 purifying said compound enriched in the desired isotope. 

164. A method of separating isotopes of an clement comprising: 

reacting an increased binding energy hydrogen species with 
an elemental isotopic mixture comprising an excess of an undesired 

3 0 isotope with respect lo the increased binding energy hydrogen species to 

form a compound enriched in the undesired isotope and comprising at 
least one increased binding energy hydrogen species, and 

removing said compound enriched in the undesired isotope. 

3 5 165. A method of separating isotopes of an clement present in one more 
compounds comprising: 
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reacting an increased binding energy hydrogen species with 
compounds comprising an isotopic mixture which comprises an excess of 
an undesired isotope with respeel to lhc increased binding energy 
hydrogen species to form a compound enriched in the undesired isotope 
and comprising at least one increased binding energy hydrogen species, 
and 

removing said compound enriched in the undesired isotope. 

166. A method of separating isotopes according to any of claims 162, 
163, 164, or 165 wherein the increased binding energy hydrogen 
species is an increased binding energy hydride ion. 
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